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ABSTRACT 
 
The images and debris of the devastating disasters are still in remembrance as 
their impacts, both emotional and physical, were unimaginable and almost impossible 
to quantify in tangible terms. Over the past decades, disasters have shed their impact 
all over the world. The intensity, frequency, and magnitude of disasters have increased. 
In order to capture such impact, scholars have shifted from risk-centric and 
vulnerability-focused approaches to resilience enhancement. This has been echoed by an 
increasing number of targets under intergovernmental frameworks for disaster risk 
reduction and resilience enhancement. However, resilience as a concept has been in a 
constant debate over its definition, underlying elements, and operationalization. 
Therefore, there has been a call from international arenas for a resilience measurement 
framework. Without it, those targets would lose credibility, and more importantly, the 
necessary actions may not be taken. Therefore, the key objective of this research was to 
develop a theoretically driven index that can be utilized to measure national disaster 
resilience. 
   
Fully aware of the inconsistency of the definition, this research embraces the 
contemporary evolution of disaster resilience as a building ground for its framework. It 
proposes the framework for understanding national disaster resilience, namely DROP-
3D, which is the hybrid framework between Cutter et al.’s DROP model and Bene’s 3D 
framework. Here, the working definition of resilience is defined as an ability or capacity 
of its systems to bounce back from, withstand and cope with, adjust to the impact of, and 
recover from the effects of disturbances or shocks in a timely and effective manner 
through shock anticipation, absorption, adaptation, transformation and restoration of its 
essential basic structures and functions. It is an ability that is inherent within a country 
and the product of the country’s systems. This research also discusses the concept of 
vulnerability as a close ‘sibling’ to resilience. Here, vulnerability and resilience are 
viewed as discreet but often linked concepts. 
  
This research argues that a comprehensive evaluation of a country’s disaster 
resilience should address issues of relevance to all the three resilience capacities: 
absorptive coping capacity, adaptive capacity, and transformative capacity. Additionally, 
a practical approach to evaluate disaster resilience is to assess it in terms of systems 
which are categorized into domains. The PINE structure for national disaster resilience 
was developed, where it proposes that national disaster resilience is the product of 
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capacities from the four domains of systems: People, Infrastructure, Nature, and 
Enabling Environment. To distinguish resilient countries from just prosperous countries, 
resilience qualities were extracted from literature, which are reflective, strong, engaged, 
resourceful, comprehensive, flexible, and diverse. Based on these outputs, a pathway to 
national disaster resiliency can be further developed. 
 
Based on the PINE structure, indicators were selected with criteria that they 
must be (1) theoretically sound, (2) reality-reflective, (3) consistent with international 
expectations regarding disaster resilience, and (4) data available. The framework for 
indicator selection was also developed to help reduce the level of subjectivity and 
misleading effects. The chosen indicators were re-scaled to a comparable unit and 
normalized by using Z-score approach. A composite index was calculated using average 
method which is based on equal weighting. Furthermore, the index was validated by 
using two types of validation: content and construct validation. The results yielded 
empirical evidence that the index is valid.  
 
The application of the measurement pointed that countries in Africa and Asia are 
among the lowest in terms of disaster resiliency, while countries in Oceania and Europe 
rank among the highest. The key users of the framework can be divided into two levels: 
international and national levels. For the international level, PINE gives directions 
where international aids and funds should be sent to. It also helps keep track of progress 
made by each country and make comparative analysis. For the national level, PINE 
helps raise awareness of a country towards enhancing disaster resilience. The scores by 
domains and categories can be utilized by policymakers to identify areas of interventions. 
 
In sum, the overall objectives set for this research have been met. The primary 
outputs are the national disaster resilience framework and the PINE structure for 
national disaster resilience measurement. They are valid, theoretically driven, and 
reality reflective. The findings of this research gave empirical evidence that the 
framework has an ability to enhance understanding and operationalization of the 
concept of disaster resilience. The methodology used in this research is theoretically 
reasonable and empirically practical. 
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CHAPTER 1  
INTRODUCTION 
 
1.1. Background on Disaster Paradigm 
The images and debris of the recent disasters, especially the Tōhoku 
Earthquake in 2011 and Indian Earthquake and Asian Tsunami in 2004, are still in our 
remembrance as their impacts, both emotional and physical, were unimaginable and 
almost impossible to quantify in tangible terms. Over the past decades, the intensity, 
frequency, and magnitude of disasters have increased; and everyone with vulnerability 
and/or without resilience have been greatly affected. 
  
In order to capture the loss that disasters bring, scholars have attempted to 
develop frameworks to address disasters and how to mitigate them. Until a few decades 
ago, disasters were viewed as one-off events and responded by governments without 
taking into account the social and economic implications and root-causes of these events. 
With more investigations, disaster paradigms came into existence. They originated from 
the belief that we could only deal with disasters with our geophysical and engineering 
knowledge.  
 
This disaster-related thinking evolved gradually and the critical turn of disaster 
paradigm emerged with the investigation that from the 1960s to the 1990s there was an 
exceptional increment in human and material losses from disasters yet there was no 
reasonable confirmation that the recurrence of disasters had expanded. This indicated 
that the rise in disasters and their consequences was related to the rise in the 
vulnerability of people all over the world (Cuny, 1983). From this realization, emphasis 
later shifted towards using vulnerability analysis as a tool in disaster management. 
Table 1.1 shows major elements of the paradigm shifts in disaster discourses. 
 
In a more contemporary paradigm, a more comprehensive approach has loomed. 
With three distinct but interrelated components: hazard assessment, vulnerability 
analysis, and enhancement of management capacity (resilience). It is more closely 
integrated with the ongoing development processes; and in turn, this evolution of 
disaster paradigm has influenced the way disaster management programs are now being 
planned and financed. Even more recently, the concept of ‘being resilient’ has been a 
subject of debates and infused into the disaster management arena where it has come at 
the forefront of development agenda against the risk of disasters and formed the shape 
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of policies and development, perhaps forever or until another disaster paradigm proves 
it impotent.  
 
Table 1.1 Key elements of the paradigm shift in disaster discourse 
                 Conventional ParadigmContemporary Paradigm 
Focus Hazards  
Vulnerability 
Risk 
 
Resilience (including 
vulnerability and risk) 
Sciences 
Natural Science, 
Engineering 
 
Social science, 
Humanities 
 
Integrated Sciences 
(Multidisciplinary) 
Disaster Risk 
Management 
Response, 
Relief 
 
Prevention, 
Mitigation, 
Preparedness 
 
Comprehensive 
Disaster Risk 
Management 
 
In terms of terminology, ‘Disaster’ can be of various implications (Quarantelli, 
1998). As disaster paradigms have evolved over times, the term has been shaped in 
different ways. In the contemporary paradigms, Wisner et al. (2004, p. 49) give a simple 
yet vibrant illustration of risk or disaster in their book ‘At Risk’ that ‘the risk of disaster 
is a compound function of the natural hazard and the number of people, characterized 
by their varying degrees of vulnerability to that specific hazard, who occupy the space 
and time of exposure to the hazard event.’ In other words, the crucial point that Wisner 
and his group aimed to assert is that not only do natural events make them occur, but 
also ‘social political and economic environments’, which to the simplest end can be 
translated into a pseudo-equation 1: 
 
Risk (Disaster) = 𝑓(𝐻𝑎𝑧𝑎𝑟𝑑   𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦) ……………………………Equation 1 
 
 However, Wisner et al. perspectives seem to miss the crucial dimension of 
disaster management. United Nations Inter-Agency Secretariat of the International 
Strategy for Disaster Reduction (UNISDR, 2009, p. 9) defines disasters as ‘a serious 
disruption of the functioning of a community or a society involving widespread human, 
material, economic or environmental losses and impacts, which exceeds the ability of the 
affected community or society to cope using its own resources’. This definition adds up 
the dimension of capacity or measures to reduce or cope with the potential negative 
consequences, which can be translated into a pseudo-equation 2: 
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 Risk (Disaster) = 𝑓 (
𝐻𝑎𝑧𝑎𝑟𝑑   𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
)………………………Equation 2 
 
This thinking signifies that (1) disasters are no longer viewed as extreme events 
created solely by natural forces: For a catastrophic event whether precipitated by natural 
hazards or human activities, the state of a disaster occurs when the community or society 
affected fails to cope; (2) Natural hazards themselves do not necessarily lead to disasters. 
In other words, natural hazards become disasters only to the extent that people are 
unprepared to respond, incapable to cope, and, consequently, severely affected. (3) The 
system’s resilience against and human’s vulnerability to the impact of natural hazards 
are, to a significant extent, determined by human action or inaction. 
 
Therefore, disasters could, in fact, be mitigated, if not averted. With today’s 
advancements in science and technology, including early warning and forecasting of 
natural phenomena, together with innovative approaches and strategies for enhancing 
resilience and capacities, the impact of natural hazards, somehow could be predicted and 
reduced, their effects on populations reduced, and the communities adequately protected. 
 
This research embraces the contemporary treatment of disaster that have 
arisen for the last few decades. However, it does not try to rule out natural hazards as 
trigger events, but shifts the focus to the more vibrant ways where the systems 
themselves are the key actors to generate disasters, as well as, enhance resilience to 
arrest the impact of them. 
 
1.2. Problem Statements 
This section is dedicated to show that the following sub-sections have pointed 
to the need for a national resilience framework that can evaluate the level of disaster 
resilience and provide some guiding directions to improve it.  
 
1.2.1. Recent Global Trend of Disasters 
In order to draw investigate global trends and patterns in disaster occurrence, 
this research substantially harvested statistics mainly from (1) Emergency Events 
Database (EM-DAT)1, maintained by the Centre for Research on the Epidemiology of 
Disasters (CRED), and partially from (2) Asian Disaster Reduction Centre (ADRC)2. EM-
                                                   
1 http://www.emdat.be/ 
2 http://www.adrc.asia/ 
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DAT is compiled with criteria3 from various sources, including UN agencies, the US 
Office of Foreign Disaster Assistance (OFDA), national governments, the International 
Federation of Red Cross and Red Crescent Societies (IFRC), NGOs, research institutes 
and the media. 
 
At first, this research intended to trace disaster footprints as far back as 
possible, preferably the whole period of the twentieth century. It collected data from 
ADRC website, covering data of 24 Asian countries4 on 12 Types of Disasters5, spanning 
from 1900-2000. The 24x12-dimensioned data was processed into almost 40 charts and 
brought up for discussions among academics. Unfortunately, the preliminary observation 
unveiled that data collected in the first half of the twentieth century was not as vibrant 
as that in the remaining half, particularly the last three decades of the twentieth. This 
can be seen as the result of immature methodology and inadequacy of disaster-related 
data collection. Thus, the following analysis will be based on EM-DAT for the time span 
of 1970-2014, with the hope to point out that the world is of increasing probability of 
disasters and magnitude of their impacts.  
 
Disasters have spread its negative impacts on every continents of the world, and 
Asia is the heaviest-hit continent in terms of frequency and the total numbers of people 
affected (Figures 1.1 and 1.2). This is mainly due to Asia’s large area – with a large 
number of river basins, flood plains, mountains, active seismic and volcanic zones, as 
well as its high number of population clustered densely in disaster-prone regions 
(UNISDR, 2015). 
 
  
                                                   
3 According to EM-DAT, for a disaster to be entered into the database, at least one of the following criteria must be 
fulfilled: 10 or more people reported killed; 100 or more people reported affected; declaration of a state of 
emergency; and/or call for international assistance. 
4 1) Armenia, 2) Bangladesh, 3) Cambodia, 4) China, 5) India, 6) Indonesia, 7) Japan, 8) Kazakhstan, 9) Korea,  
10) Kyrgyz, 11) Lao, 12) Malaysia, 13) Mongolia, 14) Myanmar, 15) Nepal, 16) Papua New Guinea, 17) Philippines, 
18) Russia, 19) Singapore, 20) Sri Lanka, 21) Tajikistan, 22) Thailand, 23) Uzbekistan, and 24) Vietnam 
5 1) Drought 2) Earthquake, 3) Epidemic, 4) Extreme Temperature, 5) Famine, 6) Flood, 7) Insect Infestation,    
8) Slide, 9) Volcano, 10) Wave/Surge, 11) Wild Fire, and 12) Wind Storm 
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Figure 1.1 Number of disasters reported worldwide by continent (1970-2014) 
Source: EM-DAT, http://www.emdat.be/ 
 
Figure 1.1 shows that disaster occurrence had increased dramatically in the 
early 1990s. Later, the trend has shifted downward from its peak in 2000. Yet, the UN 
said that ‘this decline did not signify that the world has become safe from disasters’ 
(UNISDR, 2015). Overall, however, the number of disasters reported annually was 
significantly higher from 1996 onwards than it was at the start. This increasing 
projection in disaster frequency was chiefly owing to a rise in the number of climate-
related disasters such as storms and floods (Figure 1.3). 
 
 
Figure 1.2 Numbers of people affected by  
disasters reported worldwide by continent (1970-2014) 
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Source: EM-DAT, http://www.emdat.be/ 
 
Figure 1.3 Number of disasters reported worldwide by hazard types (1970-2014) 
Source: EM-DAT, http://www.emdat.be/ 
 
According to the Centre for Research on the Epidemiology of Disasters (CRED)’s 
report (2015), while occurrences of climate-related disasters have declined from their 
peak in the last decade, they remain at more than double the levels recorded in 1980-
1989 (an average of 140 climate-related disasters per year) and 50% higher than in 1994. 
Meanwhile, the numbers of geophysical disasters (mainly earthquakes, tsunamis and 
volcanic eruptions) have remained more or less stable throughout the past 20 years (see 
Figure 1.3). 
 
In terms of economic losses, Global Assessment Report on Disaster Risk 
Reduction (GAR) 2015 reported that losses from disasters has reached an average of 
US$250-300 billion each year, and the expected annual losses are estimated at US$314 
billion (UNISDR, 2015). It simply implies that countries should prepare this amount of 
finance each year to cover future disaster losses.  
 
The seeds of such disasters are diverse. Whether cyclic or human-instigated, 
changes in worldwide atmospheric patterns brought about an Earth-wide temperature 
rising and a heightening ocean level are among the most powerful reasons for disaster's 
upward pattern. Unsustainable growth in world's population and socioeconomic 
inequities further disturb the circumstance as development in high-risk zones has 
increased the probability that a regular hazard will turn into a big disaster. 
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The development with regard to the increase in global warming is observed by 
many institutions and organizations. According to the Synthesis Reports of Climate 
Change 2014 published the Intergovernmental Panel on Climate Change (IPCC), 
warming of the climate system is unequivocal: The atmosphere and ocean have warmed, 
the amounts of snow and ice have diminished, and sea level has risen (IPCC, 2014). 
Greenhouse gas emissions have increased driven largely by economic and population 
growth, and are now higher than ever. This has led to atmospheric concentrations of 
greenhouse gases unprecedented in at least the last 800,000 years (IPCC, 2014).  
 
A number of scientific evidences confirm the link between global warming and 
tropical storm intensification. Global warming will intensify the maximum wind speed 
by 0.5 on the Saffir–Simpson hurricane wind scale and precipitation by 18% in 
hurricanes until 2050 (Knutson et al., 2004). Of all the factors that drive a major storm, 
only the steady increase in sea surface temperatures over the last 35 years can account 
for the rising strength of storms in six ocean basins around the world (Hoyos et al., 2006) 
 
The United Nations Department of Economic and Social Affairs’ World 
Urbanization Prospects 2014 reports that the world’s urban population is expected to 
surpass six billion by 2045. Globally, a larger number of individuals live in urban regions 
than in rural regions. Today, 54 per cent of the world's population lives in urban regions, 
an extent that is forecast to increment to 66 per cent by 2050. Mega-cities with more 
than 10 million people are increasing in number, and rural populations expected to 
decrease as urban populations continue to grow (UNESA, 2014). Also, the absolute gap 
between incomes per capita of low and upper-middle income countries has more than 
doubled, from around $ 3,000 in 1980 to $ 7,600 in 2010 (UNESA, 2013). The magnitude 
of income disparities across countries is large, but so are disparities across individuals 
within each country (UNISDR, 2015). 
 
In spite of the fact that there is no measurable and clear proof between these 
aforementioned trends and an increase in human and material losses from disaster 
events, it is likely to infer that the rising number of disasters and their effects has been 
related to human-maneuverer ways of development. The increase in population and 
consumption has skyrocketed to an unsustainable level and threatened the quality and 
quantity of global biodiversity and natural resources. The utilization of national resource 
at a disturbing pace aggravate the environmental degradation and ecosystem decay. 
Most importantly, urban growth has led to an increase in people’s vulnerability to 
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disasters. It is forecast that the vulnerability of the society and the human environment 
as well as the threat by natural hazards will intensify continuously in the future 
(UNESA, 2014). 
 
1.2.2. Mainstreaming Disaster Risk Reduction and Resilience Enhancement 
 The findings in the aforementioned section 1.2.1 point to where disasters could 
increasingly threaten the world and its sustainable development. To reverse this 
tendency, there has been international acknowledgement that (1) resilience must be 
enhanced to increase capacity to deal with future disasters and (2) efforts to decrease 
disaster risks must be systematically integrated into policies, plans and programmes for 
development, and supported through cooperation and partnerships (Mitchell, 2003; 
Tearfun, 2005; Word Bank, 2006). This momentum of enhancing disaster resilience and 
mainstreaming disaster risk reduction has been accentuated and reflected in 
international conferences and seminars worldwide. The series of UN World Conference 
on Disaster Risk Reduction (Yokohama in 1994, Kobe in 2005, and Sendai in 2015) are 
among the leading attempts that have put the resilience concept into practicality. Since 
the adoption of the Hyogo Framework, endorsed by the UN General Assembly in 
the Resolution A/RES/60/195, the main goal of hazard planning and disaster risk 
reduction has shifted to focusing more on building resilience at all levels rather than 
merely decreasing vulnerability. 
 
It is no doubt that links between mainstreaming disaster risk reduction and 
resilience enhancement are strong. However, resilience evaluation has often been left 
out from the framework. That is perhaps the reason why the post-2015 framework has 
put increasing emphasis on resilience measurement.  
 
Contrast to its popularity and frequent usage, there is a limited theoretical 
understanding of disaster resilience as a concept. For instance, it is inconsistent how 
resilience should be defined, assessed, and/or measured. As a result, making the concept 
of resilience practical and operational for disaster risk reduction has always been a 
challenge. The key challenge, for instance, is how to define and develop indicators that 
truly discuss resilience. The challenge was echoed by a number of scholars (for example, 
Béné, 2013; Gall, 2013; Mitchell, 2013) pointing out that the identification of metrics and 
standards for measuring resilience remains a significant challenge. No consensus exists 
currently on how to measure resilience. It appears that without a conceptual framework 
where indicators can both be defined and assessed, resilience will never be meaningful 
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and useful for policies intervention and national development strategies. Therefore, the 
main objective of this research is to develop a conceptual framework that can be used to 
measure national disaster resilience and helpful for policy makers or disaster managers 
to decide appropriate intervention or resource allocation for resilience enhancement. 
 
1.2.3. Ongoing Attempts of National Resilience Measurement 
 To take on the issue more seriously, this research has further investigated 
ongoing efforts in evaluating resilience at the national level. Based on Winderl’s (2014) 
stocktaking of efforts in measuring resilience, this research have complied six 
measurements at national level shown in table 1.2 (see Annex 2 for more details). It is 
very likely to conclude that there has been no framework that directly discusses 
resilience at the national level, except (1) AGIR results framework and (2) Country 
Resilience Rating. AGIR Results Framework intends to measure resilience in terms of 
food security and nutritional vulnerability, while World Economic Forum’s Country 
Resilience Rating is still being developed. Though some potential indicators of the latter 
have been defined, the majority of them were drawn significantly from economic 
perspectives. Also, almost all of them try to assess risk and vulnerability. This is 
primarily because they have been largely influenced by the disaster paradigm that put 
emphasis on hazards, risk, and vulnerability. 
 
Table 1.2 Ongoing efforts in measuring resilience at national level 
Names Developer(s) Focus Status 
1. AGIR6 Results 
Framework 
AGIR Food and nutritional 
vulnerability and 
resilience 
Potential Indicators: defined  
2. Country Resilience 
Rating 
World Economic 
Forum 
Resilience assessment  Potential indicators: partially defined 
3. Global Focus 
Model 
UN/OCHA7 & 
Maplecroft 
Risk and Vulnerability 
assessment 
Implementation: annually since 2007 
(commercially available) 
4. Index for Risk 
Management 
(INFORM) 
 
Inter-Agency 
Standing Committee 
Task Team for 
Preparedness and 
Resilience and the 
European 
Commission 
Risk and Vulnerability 
assessment 
Implementation: 2015 
5. Indicators of 
Disaster Risk and 
Risk Management 
 
Inter-American 
Development Bank 
Risk and Vulnerability 
assessment 
Implementation: only in the Latin 
America 
6. World Risk Index UNU-EHS8 Risk and Vulnerability 
assessment 
Implementation: annually since 2011 
  
                                                   
6 Global Alliance for Resilience 
7 United Nations Office for the Coordination of Humanitarian Affairs 
8 The United Nations University (UNU) Institute for Environment and Human Security (EHS) 
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 However, there are two frameworks that are the product of the contemporary 
disaster paradigm: Hyogo Framework for Action (HFA) monitor and the post-2015 
indicators for disaster risk reduction. The former was translated into 3 numeric high-
level outcome indicators, 22 yes/no questions according to 22 core indicators for the 5 
priority areas. The latter was proposed by UNISDR and will be integrated into HFA 2. 
These two frameworks will be discussed and considered to merge into national resilience 
measurement framework proposed in this research.  
 
 Additionally, though the development of resilience measurement gives a country 
a tool to learn more about and where to put particular emphasis to enhance its level of 
resilience, the next step is still a challenge - how to enhance resilience. Hyogo Framework 
for Action (HFA) can be one of the attempts to lay out activities in disaster risk 
management. However, ‘it does not necessarily include actions under agendas such as 
the environment, poverty reduction, energy or climate change that may have contributed 
to disaster risk reduction or actions from other stakeholders, including the private sector 
and civil society’ (UNIDSR, 2015, p.115). This points to the need of a framework that can 
not only be able to measure national disaster resilience but also be interpreted in terms 
of policymaking to enhance the level of national disaster resilience. 
 
1.3. Research Objectives 
The three problem statements have directed this research to develop a 
comprehensive framework for national disaster resilience that is consistent with the 
contemporary disaster paradigm, comprehensive, and used to identify indicators for the 
measurement purpose. To achieve this task, this research has substantially put an 
emphasis on the development of national disaster resilience framework, disaster 
resilience measurement, spatial analysis of the national resilience score, and meaningful 
interpretations in terms of policy interventions. The general goal of this study is to 
observationally operationalize the idea of disaster resilience, where it seeks to address 
the following research objectives. 
1. To explore and review the theory, conceptual models, definitions, related topics 
and applications of the concept of disaster resilience. 
2. To develop an analytical framework that is distinct from the conventional 
frameworks and comprehensively discusses disaster resilience at national level. 
3. To create a balanced methodology that is derived from both theories and reality 
(actual disaster events), as well as concurrent with the most up-to-date 
international expectations of disaster risk reduction.  
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4. To be able to empirically operationalize the framework  
5. To identify related indicators and sub-indicators as proxies of national disaster 
resilience 
6. To validate the framework by correlating the results with external factors. 
7. To produce spatial and meaningful analysis of the national disaster resilience 
scores.   
 
1.4. Research Significance 
The significance of this research manifests in two unique ways. It timely 
addresses the urgent need in the disaster literature of a framework that truly brings the 
concept of national disaster resilience to meaningful operation. The concept of disaster 
resilience has indicated extraordinary potential but turned out to be a troublesome 
concept to operationalize, especially at national level. This research attempts to propose 
a model framework that will be empirically used as a tool in the process of 
operationalizing the concept. 
 
This research provides a comprehensive measurement instrument, distinct 
from the conventional ones, which will improve comparative evaluations of national 
disaster resilience. Moreover, the national disaster resilience framework can be an 
important planning instrument that government officers and policymakers can utilize 
side by side in a decision making process or intervention formulation. 
 
1.5. Methodology 
Figure 1.4 shows the bird-eye-view diagrammed structure of the methodology, 
where it has been broken into 4 streams of review: (1) literature, (2) practice, (3) reality 
(disaster-related events), and (4) international efforts in mainstreaming disaster risk 
reduction and enhancing resilience. 
 
 Following the review on the literature, 5 key elements that are related to the 
research have been identified: (1) disaster discourses, (2) resilience as a concept and its 
definition, (3) resilience and its related themes, (4) Index or indicators as a resilience 
measurement method, and (5) validation method. 
 
For the review over ongoing practices, this research investigated into various 
disaster resilience frameworks, where most of them have been developed very recently. 
The purpose was to understand what the frameworks actually say about disaster 
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resilience, how it really measures resilience, and what methodology is used. However, 
the investigation revealed that there is a limited number of frameworks discussing 
national resilience measurement. Therefore, it is essential to expand the scope into 
frameworks at the sub-national level. Altogether, this dissertation studied fifteen 
frameworks of resilience measurement.   
 
Figure 1.4 Research methodology and outputs 
 
 
What has gained from the review over literature and ongoing practices paved a 
way towards developing the working definition of resilience, drafting analytical 
framework of national disaster resilience, and selecting indicators and sub-indicators. 
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However, the outputs at this stage were not balanced because they were based heavily 
on theories and literature.  
 
To make it balanced, the dissertation gathered information from ‘reality’ - 
almost 100 disaster-related events, cases of good practices, and disaster resilience 
enhancement projects - with the hope to find elements of resilience and potential 
indicators. It further looked into international efforts in mainstreaming disaster risk 
reduction and enhancing resilience: Hyogo Framework for Action (HFA) and post-2015 
initiatives (Sendai framework). Both gave invaluable inputs and perfecting the draft 
national disaster resilience framework by adding contemporary edge of international 
expectations and elements of resilience in terms of performance and management skills.  
 
After finalizing the national disaster resilience, indicators and sub-indicators 
were selected by using the five criteria (theoretical support, better selection than the 
current efforts, reality reflectiveness, consistency with current paradigm, and data 
availability) and a framework for indicator selection. Secondary data were collected from 
reliable sources such as World Bank, World Economic Forum, International Labour 
Organization, UN, and UNESCO, while data regarding disaster performance was 
calculated based on HFA monitor’s self-assessment questionnaires submitted by UN 
members. All data were processed, normalized, and weighted. The results was validated 
by correlating with external statistics, for instance, vulnerability, risk, estimated 
damage caused by disasters. 
 
The results were then translated into meaningful reading where each country 
would know the level of disaster resilience and what areas it should put emphasis on. 
Policy recommendations for policy recommendations were also implied through the 
framework operationalization.  
 
1.6. Structure of the Dissertation 
To be able to see the overall picture of the literature review structure with 
relation to the structure of this research, a diagrammed figure 1.5 was drawn.   
 
In terms of literature review, literature was collected from various sources 
mainly using keyword-based database searches websites. Documents suggested were 
studied and included in the full review if they were deemed relevant to the research’s 
goals. The utilization of the search engines allowed collation of a series of books, journal 
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articles, and popular press articles which related to the core thematic areas. Relevant 
documents were reviewed and have been incorporated. For the purposes of this research, 
the review was also expanded to ongoing efforts in developing frameworks for measuring 
national disaster resilience, disaster-related events, cases of good practices, and disaster 
resilience enhancement projects. 
 
Figure 1.5 Dissertation structure 
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 In terms of the dissertation structure, the content of the research is organized 
into six chapters, including this introduction. Chapter 1 gives the reasons behind the 
need for developing a national disaster resilience framework. Backgrounds, problem 
statements, research objectives, and research significance are discussed to give a broad 
scenario of this research. Chapter 2 takes the issue of resilience deeper into the area of 
theories and concepts. It reviews literature over the concept of resilience, and its related 
topics, vulnerability and sustainable livelihood, as to build the theoretical foundation for 
the whole research. It also attempts to stocktake the definitions of resilience from 
various perspectives in order to formulate the working definition for this research. 
Chapter 3 is still in the theoretical area where the national disaster resilience framework 
in which national disaster resilience can be identified is constructed. Chapter 4 takes on 
what Chapter 3 has built to develop national disaster resilience measurement. It further 
studies an approach employed in this research to evaluate national disaster resilience. 
The process starts with indicators selection, then moves on to the mathematical 
aggregation used to combine the index, and validation of the index. Chapter 5’s main 
purposes are to put the framework into practicality. The score of national disaster 
resilience will be calculated. The results are discussed vibrantly and meaningfully. The 
application of the framework can be considered as another way to assess the validity and 
utility of the national disaster resilience framework. The spatial analysis is used to 
visualize the score and draw some conclusions. The last chapter presents further 
discussions of the results, conclusions, research limitations, recommendations for future 
research.  
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CHAPTER 2  
REVISIING DISASTER RESILIENCE DEFINITIONS 
 
2.1. Introduction 
 The resilience concept has been translated in an assortment of directions and 
uses, which at times can be quite conflicting and inconsistent, and there has been quite 
a large collection of academic discussions over the meaning of resilience (MacAskill el al., 
2014). However, resilience, regardless of disagreement, appears to link a conceptual gap 
that other concepts, namely vulnerability to climate change, appear not to have been 
able to fulfil (Twigg, 2009; Tyler et al., 2014). It is crucial to clarify that reaching a strict 
consensus on the definition of resilience is not what this research intends to. On the 
contrary, an acceptance that there are manifold and valid interpretations of resilience is 
encouraged, with the hope that they would bring about vibrant analysis and multi-
disciplinary understandings of resilience. 
  
2.2. Resilience as a Concept and its definitions  
The resilience concept originated in the field of social ecology in the late 1960s 
and early 1970s (Lewontin, 1969; Rosenzweig, 1971; May, 1972; Holling, 1973). Its 
etymology is Latin, derived from the word resilire, meaning to spring back, or rebound. 
Holling (1973), the most notable scholar in the field, used resilience to describe a 
‘measure of the persistence of systems and their ability to absorb change and disturbance 
and still remain the same relationships between populations or state variables (Holling, 
1973, p. 14).’ 
 
In the 1980s and 1990s, resilience had come to being utilized in disaster 
discourse particularly by engineering society, largely referring to physical infrastructure. 
This marked a significant shift away from its ecological influence towards engineering 
resilience (See a list of widely recognized definitions of resilience in table 2.1). In other 
words, it does not incorporate coping capacity, but signifies resisting change and 
maintaining the steadiness of the system. Structural hazard mitigation is a good 
example.  
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Table 2.1 List of some resilience definitions 
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These two dimensions of resilience drawn from ecological community (the 
ability to bounce back quickly) and engineering community (the ability to maintain the 
system’s constancy against disturbances) epitomises the need for flexibility on the one 
hand, and sturdiness on the other, as a formula for managing disasters. The divergence 
and convergence of these two dimensions has given birth to an overwhelmingly large 
number of concepts for discussions and understandings of resilience.  
 
In the more contemporary context, the ‘capacity to recover’ and ‘degree of 
preparedness’ are parts of what scholars are inclined to refer to ‘resilience’. For example, 
Cutter et al. (2008, p. 600) explain that ‘resilience within hazards research is generally 
focused on engineered and social systems, and includes pre-event measures to prevent 
hazard-related damage and losses and post-event strategies to help cope with and 
minimise disaster impacts’. Among the more recent ones, UNISDR (2009, p. 24) defines 
resilience as the ‘ability of a system, community, or society exposed to hazards to resist, 
absorb, accommodate to and recover from the effects of a hazard in a timely and efficient 
manner, including through the preservation and restoration of its essential basic 
structures and functions’; and many more technical definitions have been introduced in 
the literature (e.g. Manyena, 2006; Bahadur et al., 2010).  
 
Furthermore, resilience has sometimes been presented or understood in the 
past as an outcome. However, an increasing number of academics and practitioners now 
recognises resilience in a more useful way that resilience conceptualization should be 
understood as an ability or a process leading to a desired outcome(s) (Pfefferbaum et al., 
2005; Norris et al., 2008; UNISDR, 2009; Mitchell and Harris, 2012). From the ability 
perspective, resilience is the ability to resist, recover from, or adapt to the effects of a 
shock or a change. While, from the process perspective, it is a continual process of 
learning and taking responsibility for making better decisions to improve the capacity to 
handle hazards. These dynamic interpretations have been added up to the resilience 
discourses as opposed to the conventional perceptions that were considered on the basis 
of equilibrium and constancy. 
 
As the list of some definitions of resilience indicates, the definitions are diverse, 
reflecting the complex and multidisciplinary nature of the concept. McEntire et al. (2002) 
argue that individuals, or communities may possess resilience of different aspects and 
degrees which varies over times. This poses one of the challenges that obstructs scholars 
from reaching an agreement on a universal definition of resilience. Hence, finding 
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consensus or common basis on the definition of resilience concept is challenging, or even 
not fruitful to do so (MacAskill and Guthrie, 2014). 
 
However, resilience definitions relatively have some similarities. In general, key 
aspects of resilience can be gathered as follows.  
 From socio-ecology, resilience is often understood as the functionality of a 
system and its dynamics and self-reorganizing ability after stresses or shocks. 
Hence, resilience is perceived as a process or ability rather than an outcome. 
 Some definitions consider resilience in a long term perspective, which is likely 
resemble to the notion of bouncing-back, specially emphasizing the recovery 
process. Therefore, it suggests that one of the factors for evaluating disaster 
resilience be the recovery time that a system takes to return to its previous 
conditions or status quo. 
 Resilience can be conceptualized as an ability of the systems or units within the 
system to absorb, reduce, or modify impacts or consequences of potential shocks. 
This implies preparedness or being able to predict or take a precautionary 
measures before actual events occurs. 
 An ability to adapt is also cited as an element of a resilient system. This includes 
the ability to adapt to an impact of a disaster, to adapt to the new environment 
after a disaster, and/or to learn from past experiences. This points out that the 
system will adapt to better address future disasters. This implies mitigation 
and preparedness. 
 Resilience is perceived as a ‘sibling concept’ of vulnerability. It is sometimes 
understood as an opposite of vulnerability; yet, they are sometimes viewed as 
resembling concepts. This line of thinking has pushed both concepts the subjects 
of circular reasoning. Section 2.3.1 discusses the issue in details. 
 Resilience is often linked to sustainability or sustainable livelihoods. It implies 
that increasing livelihoods can somehow contribute to the level of resilience. In 
other words, enhancing resilience can come in the form of enhancing livelihoods. 
Section 2.3.2 discusses the issue in details. 
 
2.3. Resilience and its related topics 
2.3.1. Resilience VS Vulnerability  
Although resilience and vulnerability have separate epitomic roots, resilience is 
often used as a synonym for vulnerability reduction. Yet, some the differences between 
them can be identified. Béné et al. (2012, p. 15) point out that both concepts are seen as 
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a ‘sibling concept, yet siblings do not always see eye to eye. Despite the ongoing debates 
over their content and definition, identifying the convergence and divergence of 
resilience and vulnerability is necessary because discussions on resilience will have to 
refer to vulnerability at some points as both concepts overlap and provide their own 
instruments which can be incorporated in some cases’. 
 
 The term ‘vulnerability’ has entered into the disaster discourse as the disaster 
paradigm shifted towards the notion that disasters are more a result of socio-economic 
vulnerability more a natural phenomenon. Since then, there has been a large variation 
of vulnerability definitions. The large number of definitions is a mirror of diversities and 
differences in terms of theories, philosophies, and methodologies which disaster scholars 
have put their efforts into. In spite of the fact that vulnerability has given credit in 
disaster risk management and planning, it faces a number of restrictions and limitations 
in terms of conceptualization and practicality. Vulnerability measurement and 
evaluation are often inadequate to capture complexity of systems when dealing with 
disasters. 
 
Peter Timmerman (1981)’s article entitled ‘Vulnerability, Resilience and the 
Collapse of Society’ has chiefly generated a momentum of the widespread utilization of 
vulnerability in relations to resilience. A number of scholars propose the inclusion of 
some elements of resilience to the understanding of vulnerability (Cardona, 2003; Adger, 
2006; Miller et al., 2010). This justifies the connection between vulnerability and 
resilience that they are both about responding to disturbances and its implications to 
reduce the impact of them. Adger (2006) argues that the level of vulnerability is 
influenced by the aggregation or corrosion of social-ecological resilience. Another 
example of vulnerability definitions that seems almost resemble to resilience includes 
that of Blaikie at al. (1994, p. 11): ‘By vulnerability we mean the characteristics of a 
person or a group in terms of their capacity to anticipate, cope with, resist and recover 
from the impact of a natural hazard.’   
 
Additionally, both concepts have put themselves into the subjects of circular 
reasoning: a system lacks resilience because it is vulnerable; it is vulnerable because it 
lacks resilience. The problem is not of the circular explanations, but rather it is the line 
of thinking that being more vulnerable can often, though not necessarily, be less resilient 
(Béné et al., 2011). Maybe this could answer why practitioners have attempted in doing 
vulnerability analysis as it as it somehow identifies related methodology for resilience 
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improvement. 
 
While some scholars discuss differences of both concepts in their articles 
(Manyena, 2006; Miller et al. 2010), Gallopín (2006) and Klein et al. (2003) warn against 
breaking the both concepts as North-South opposites due to its ability to comprehend 
and catch human systems in the development studies. Therefore, it could provide a 
stepping stone in the way that could encourages convergence of resilience and 
vulnerability, rather than adopting one approach at the expense of the other (Béné et al., 
2011). Resilience also fills gaps in vulnerability thinking (Gallopín, 2006) as follows: 
 Resilience represents the need to level up the capacity of systems in order to 
deal with, reduce the impact of, and speed up the recovery from disasters. 
 Resilience focuses on the complete cycle of disaster management by putting 
emphasis on increasing the ability to address damages from disasters. 
 Resilience is a proactive concept. It encourages collective efforts to better 
address disasters because resilience is a broader concept covering a large part 
of the risk spectrum and focuses the capacities and how to enhance them. 
 
2.3.2. Resilience and Sustainable Livelihoods 
 The ability of ‘bouncing back’ has influenced the discussion and debates over 
resilience on what it should really entails. From the viewpoint of sociology, bouncing back 
is interpreted and implied the returning or recovering to the previous conditions (status 
quo) that may have been good or bad to be in (Klein et al., 2003; Adger, 2000). Smithers 
and Smit (1997) often demonstrate the relations between resilience and the state of 
‘entrenchment’. Handmer et al. (1996) view it as ‘resistance’. This way of thinking may 
influence us to think that promoting and enhancing resilience is almost resemble with 
the maintenance of the current state or status quo, instead of advancing towards 
enhancing and empowering capacities within. Brooks (2003) proposes that, instead of 
emphasizing on developing resilience of existing units, it may be rational or fruitful to 
replace the units with ones that are better suited to the conditions. 
 
 Apart from the resistance or entrenchment implication of the resilience concept, 
Dodman et al. (2009) highlights the expansion of resilience to include improvement in 
development. From this line of thinking, resilience can be related to sustainable 
livelihoods, in the manner that improving or enhancing livelihoods can be considered a 
way to promote resilience (Chambers and Conway, 1992). Frankenberger et al. (2014) 
even encourage that resilience policy should aim at positive livelihoods enhancement 
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rather than resilience itself. They developed Resilience Programming Framework that 
suggests resilience can be evaluated by development and livelihoods indicators. 
 
 A number of research and models that include sustainable livelihoods into 
resilience development often gathers around the Sustainable Livelihoods Framework 
(SLF), shown in Figure 2.1. Especially for an attempt to evaluate resilience, the five 
livelihoods assets, highlighted within the yellow circle) are used as a starting point.  
 
  
 
Figure 2.1 Sustainable livelihood framework 
Source: Department for International Development  
 
2.4. Summary 
This chapter reviews a wide range of related literature to evaluate and capture 
the fundamental essence of the resilience concept. The existing definitions and various 
conceptualizations studied in the chapter provide better understanding about resilience. 
The similarities of resilience definitions points to the ability of a system to deal with, 
address disaster impact, and, when affected, recover fast and learn to better cope with 
future risks. 
 
Furthermore, it suggests that (1) there are challenges in terms of 
conceptualization of resilience; and (2) resilience concept has more potential in 
advancing disaster research than vulnerability. Generally, the literature review 
provides the theoretical ground for this research to further develop an analytical 
framework for national disaster resilience, which is illustrated in Chapters 3 and 4. 
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Fully aware of the inconsistency of the resilience definitions, this research is 
likely to build its working ground on the notion which discusses that vulnerability and 
resilience are viewed as separate but often linked concepts, and includes the ex-ante 
conditions and the ex-post processes strengthening the ability to anticipate, reorganize, 
change, and learn in response to disturbances.  
  
34 
 
CHAPTER 3 
CONSTRUCTING AN ANALYTICAL FRAMEWORK  
FOR NATIONAL DISASTER RESILIENCE 
  
3.1. Introduction  
 The key objective of this chapter is to create an analytical framework where 
national disaster resilience can be measured and indicators can be identified. To attain 
the objective, a number of related frameworks from the literature were thoroughly 
studied in order to identify key elements that can be used to measure national disaster 
resilience. Based on the review, a working definition of national disaster resilience and 
an analytical framework for national disaster resilience are developed. This chapter 
presents the journey of constructing an analytical framework. The following questions 
will be made clear: How is disaster resilience understood? What makes a system 
resilient? What are resilience characteristics and its components? With what framework 
is resilience measured? 
 
3.2. Literature Review 
Because of the findings that (1) the definition of the concept of disaster resilience 
is highly inconsistent, and that (2) the interactive dynamism of the systems within a 
country are complex, evaluating national disaster resilience is challenging. It requires 
the knowledge on how resilience is determined, measured and enhanced, as well as clear 
understanding of the components of national disaster resilience. There are currently a 
number of conceptual frameworks or models that intend to measure or give a general 
comprehension of resilience. Yet, it is not apparent what really prompts resilience or 
what parameters ought to be used to measure it, due to the multidimensional nature of 
resilience and its multifaceted components. Therefore, it is crucial to review those 
frameworks, particularly to develop an instrument to understand national disaster 
resilience because they might give some valuable guidance. Above all, those frameworks 
exemplify a structure where relevant indicators and indices of resilience can be identified 
and assessed. 
 
For the purpose of this study, four frameworks of resilience and two frameworks 
of vulnerability are studied and discussed in this chapter. The reason why it is important 
to additionally review concept of vulnerability is the link between resilience and 
vulnerability as measuring resilience at some points will have to come to vulnerability. 
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3.2.1. Resilience Frameworks 
3.2.1.1. Resilience as a System of Systems: Panarchy 
 This is perhaps the most ambitious conceptual framework to explain resilience. 
The system theory is based on the idea that the various systems have resilience and 
share synergies, connections and interactions across temporal and spatial scales. 
Resilience can therefore be interpreted as a ‘system of systems’ (Bristow et al., 2012) or 
‘complex adaptive system’ (Allen et al., 2005). The system complexity comes from the 
continuous interactions between participants and the resulting responses. The 
interacting participants within as well as between systems (and across scales) range 
from individuals and households to communities and national states. Resilience as a 
product of a system of systems is also known as ‘Panarchy’, coined by Gunderson and 
Holling (2001) to describe the interaction and linkages between coupled human–natural 
systems and their continual cycles of adaptation, growth and restructuring.  
 
The ability of the panarchic characteristic, or resilience, to cope with stress or 
disturbance depends on both its actors (or participants) and, more importantly, on how 
these actors influence each other. Yet, understanding the multiplex interactions within 
and between them remains highly challenging because system’s actors interact and 
produce unpredictable and unintended impacts and consequences (Bristow et al., 2012). 
It is argued that the dynamic characteristics of a system cannot be completely 
comprehended in lieu of accounting for the dynamics of other cross-scalar and 
hierarchical influences within the system. 
  
There is also disagreement on the type and timing of when and how resilience 
can be spotted. Haimes argues that, ‘resilience of a system can be measured only in terms 
of the specific threat (input) and the system’s recovery time and the associated composite 
costs and risks’ (2009, p. 498). This contradicts the comprehensive approach, which do 
not specify a specific stressor (Cutter et al., 2010). In regard to the timing of resilience, 
Allen et al. (2005) question whether resilience can be evaluated or measured before 
disturbances or shocks occur because there would not be reaction or response from a 
system without stressors. Others claim that, ‘at any given time, the actual or potential 
performance of any system can be measured as a point in a multidimensional space of 
performance measures’ (Bruneau et al., 2003, p. 736). 
 
3.2.1.2. R4 Framework and TOSE domain 
 In the hazards field, the resilience models are largely developed around 
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engineering field. The R4 framework of resilience, developed by the Multidisciplinary 
Center of Earthquake Engineering Research (MCEER), was developed based on the 
assumption that resilience diminish the possibilities of failure and its consequences, and 
the recovery time. There are four determinants of resilient infrastructure, namely 4R: 
Robustness, Redundancy, Resourcefulness, and Rapidity (Bruneau et al., 2003; Tierney 
and Bruneau, 2007).  
1. Robustness is the capacity of systems, system elements, and other units of 
analysis to withstand hazard events without significant degradation of 
performance. 
2. Redundancy is the extent to which systems, system elements, or other units 
are substitutable, that is, able of satisfying functional requirements, if 
significant degradation or loss of functionality occurs. 
3. Resourcefulness is the ability to diagnose and prioritize problems and to 
initiate solutions by identifying and mobilizing material, monetary, 
informational, technological, and human resources. 
4. Rapidity is the capacity to restore functionality in a timely way, containing 
losses and avoiding disruptions. 
 
Tierney and Bruneau (2007) also identified four dimensions or domains of 
resilience known as TOSE: Technical Domain, Organizational Resilience, Society, and 
Economies. TOSE is further elaborated into PEOPLES resilience framework, aiming at 
defining and measuring disaster resilience for a community at various scales. PEOPLES 
attempts to address simultaneously the assets of the community and their functionality 
at various geographic and temporal scales and identifies seven dimensions that 
characterize community functionality: (1) Population and demographics, (2) 
Environmental/Ecosystem, (3) Organized governmental services, (4) Physical 
infrastructure, (5) Lifestyle and community competence, (6) Economic development, (7) 
Social/cultural capital. 
 
3.2.1.3. Disaster Resilience of Place: DROP model 
 Disaster Resilience of Place (DROP) is proposed by Cutter et al. (2008). Their 
effort is (1) to ameliorate the shortcomings in existing vulnerability and resilience 
models and (2) to provide a conceptual basis for establishing baselines for measuring 
resilience. DROP is formed to show the relationship between vulnerability and resilience. 
It is largely based on that the model is made to address natural hazards. The 
fundamental focus is on social resilience of place. It also presents resilience as both an 
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antecedent condition and a process, where the antecedent conditions can be viewed as a 
snapshot in time or as a static state.  
 
Figure 3.1. The schematic representation of the DROP model 
Source: Cutter et al., 2008 
  
In sum, the DROP model has two main components (see Figure 3.1). The first 
segment comprises the antecedent conditions (the inherent vulnerability and inherent 
resilience) which are the product of the interactions of the social, natural and built 
environment systems. The hazard impacts are the consequences of the antecedent 
conditions, hazard events, and the capacity to cope and respond. The second segment 
comprises the abilities to manage the disaster impacts, which incorporate coping, 
absorptive and adaptive capacities. 
  
3.2.1.4. 3-D Resilience Framework 
 Béné et al. (2012) propose the utilization of the three components of resilience, 
absorptive, adaptive, and transformative capacity (see Figure 3.2), the elements of an 
analytical framework aimed at capturing what really ‘strengthening resilience’ means. 
Béné and his team build their model on the multicity of resilience features such as 
‘buffering impacts’, ‘returning to pre-shock situation’ or ‘bouncing back’, ‘shock absorbing’, 
‘evolving and adapting’ and ‘transforming’. The multicity of resilience points to the need 
for a more elaborated concept that grasps these components. The essential point of the 
framework is that resilience emerges as the result not of one but all of these three 
capacities: absorptive, adaptive and transformative capacities, each of them leading to 
different outcomes: persistence, incremental adjustment, or transformational responses.  
 
These distinctive reactions can be connected theoretically to different intensities 
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of shock or change. The lower the intensity of the shock, the more likely the system will 
be able to cope with it effectively, for instance, to absorb its impacts without consequences 
on its function, status, or state. The ideal outcome after a crisis is resistance, meaning 
that the system has enough capacity to effectively shield off the stress and, accordingly, 
there is virtually no dysfunction. Béné et al. exemplify the human immune system as 
one of the most effective resistance strategies known to exist.  
 
 
Figure 3.2. The 3D resilience framework 
Source: Béné et al., 2012 
 
3.2.2. Vulnerability Frameworks 
Like resilience, vulnerability research has encountered the multiplicity of 
approaches, scopes, and interpretations. It is also not surprising that vulnerability 
models diverge in terms of explaining the root causes of vulnerability. Few researchers 
have attempted to combine all the factors that contribute to vulnerability. This research 
reviews 2 interrelated frameworks of hazard vulnerability: (1) Wisner et al.’s pressure 
and release model (Wisner et al., 2004); and (2) Turner et al.’s (2003) framework of 
vulnerability analysis. The latter is built on the former and extended to include resilience 
into its framework. 
 
3.2.2.1. Pressure and Release Model (Vulnerability Progression)  
The general Pressure and Release (PAR) model is proposed by Wisner and 
Blaikie et al. (2004) shown in Figure 3.3. Its fundamental point is that a disaster is the 
crossing point of two forces: the procedures creating vulnerability on one side, and the 
natural hazard event on the other. Wisner and Blaikie et al. (2004, p. 50) compare it as 
a ‘nutcracker, with increasing pressure on people arising from either side – from their 
vulnerability and from the impact of the hazard of those people’. The circumstances that 
determine vulnerability are grouped into three categories: (1) roots causes, (2) dynamic 
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pressures, and (3) an unsafe conditions. Root causes includes well-established, 
widespread processes within a society and economy: the political and economic ideologies, 
which affect the allocation and distribution of resources, and reflect the distribution of 
power. Dynamic pressures are processes and activities that translate the effects of root 
causes into vulnerability of unsafe conditions. Unsafe conditions include the specific 
forms where the vulnerability of a population is expressed in time and space in 
conjunction with a hazard. The pressure and release model is designed to track the 
progression of vulnerability from root causes to dynamic pressures to unsafe conditions.  
 
 
Figure 3.3. Pressure and Release (PAR) model 
Source: Blaikie and Wisner et al., 2004 
 
3.2.2.2. Framework of Vulnerability Analysis 
Turner et al. (2003) proposed the Vulnerability Analysis framework. It is an 
extension of PAR model, where it captures the complexity and interactions involved in 
vulnerability analysis. It fills the gap that PAR model insufficiently addresses in terms 
of the coupled human-environment systems by drawing attention to the different 
variables and multiple linkages that potentially influences the vulnerability. The 
framework makes use of the flowchart (Figure 3.4) to show how social and environmental 
forces interact to create situations vulnerable to sudden changes. It also demonstrates 
that vulnerability is registered not by exposure to hazards (perturbations and stresses) 
alone but also resides in the sensitivity and resilience of the system experiencing such 
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hazards.  
 
Here, resilience is seen in relations to vulnerability. Resilience is determined 
collectively by coping mechanisms, whether autonomous action or planned, public or 
private, individual or institutional, tactical or strategic, short- or long-term, anticipatory 
or reactive in kind, and their outcomes. 
 
To summarize the frameworks discussed above, generally have demonstrated 
that there is important component that can be used to conceptualize national disaster 
resilience: capacities (coping, absorptive, adaptive, and transformative) and (2) factors 
that influence resilience which can be categorized in many ways.  
 
 
Figure 3.4. Turner et al.’s vulnerability framework 
Source: Turner et al. (2003) 
 
3.3. Working Definition of Resilience 
 In the wake of the new millennium, resilience has become a principal theme 
across a wide range of disciplines. Each discipline, including ones in the disaster 
discourse, attributes its own working definition to the term. For the purpose of this 
dissertation, disaster resilience is defined as: 
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An ability or capacity of its systems to bounce back from, withstand and cope 
with, adjust to the impact of, and recover from the effects of disturbances or 
shocks in a timely and effective manner through shock anticipation, absorption, 
adaptation, transformation and restoration of its essential basic structures and 
functions. It is an ability that is inherent within a country and is the product of 
the country’s systems.  
 
Implied by its working definition, this dissertation embraces the influence of the 
3D resilience framework, the DROP framework, and the system theory over resilience 
concepts, see Figure 3.5. It is because resilience applies to varied entities, ranging from 
individuals to countries, and the critical aspect is to avoid investigating any of them in 
isolation. It is necessary to consider a country as a system that is comprised of smaller 
systems or sub-systems. National disaster resilience is inherent and the result of 
resilience of those smaller systems or sub-systems. 
 
…bouncing back from, 
withstanding and coping with, 
adjusting to the impact of, and 
recovering from the effects of 
disturbances or shocks in a timely 
and effective manner through 
shock anticipation, absorption, 
adaptation, transformation 
…maintaining and restoring 
essential functions in the time of 
disturbances 
…resilience is the product of the 
country’s systems 
…resilience is the ability that is 
inherent within a country 
From the 3D resilience framework From the system theory From the DROP framework 
Figure 3.5. The working definition of national resilience 
 
3.4. Understanding National Disaster Resilience through a Framework  
 In order to understand resilience, the following proposed analytical framework, 
DROP/3D, is derived chiefly from Cutter et al. (2008) DROP model and Béné et al. (2015) 
3D framework of resilience. The DROP model originally focuses on community resilience; 
but, this reserach proposes that the model can be adjusted to understand resilience at 
national level when combine with others. It paves the way to utilize the inherent 
resilience as its conceptual basis; and its simplification of reality makes it easier to 
understand resilience, though some details are left implicit. The 3D framework of 
resilience comes to fill the gap where the DROP model does not seem to do. The model’s 
classification of resilience capacity helps explain what capacities resilience has. Figure 
3.6 shows schematic presentation of the DROP/3D.  
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Figure 3.6. DROP/3D 
 
Drawn from Béné et al. (2012), resilience is the result of three capacities: 
absorptive, adaptive and transformative capacities. When a country interacts with 
hazards (shocks, stressors, or disturbances), its immediate impacts are increased or 
decreased by the level of absorptive coping capacity. However, when the absorptive 
capacity is exceeded, the system will then exercise their adaptive resilience. This 
adaptive resilience can be referred to the various adjustments that people (or 
participants in the system) undergo in order to continue basic functions or structural 
identity. These adjustments can be in many forms (for instance, embracing new farming 
techniques, altering farming practices, diversifying livelihood bases, engaging in new 
social networks, etc.). These adaptations can be made by an individual or a collective 
action, and they can take place at any levels (intra-household, groups of 
individuals/households, community, nation, village etc). Béné et al. (2012) point out that 
adaptation is a continuous, incremental process which is challenging to track or evaluate. 
People may not even be aware of how they adapt to changing circumstances or how they 
improve their work skills. In addition, people don’t adapt to one specific stressor, but 
rather to a broad combination of changes. In fact, it is rarely possible to disentangle the 
multiple changes to which people are responding, and it makes little sense to try to do 
so as what would be perceived as an adaptation for one household could be part of a 
coping strategy for another. 
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 Eventually, if the change required is so large that it overwhelms the adaptive 
capacity of the system, transformation has to occur. It results in alterations in primary 
structure and function. These transformational changes often involve shifts in the 
nature of the system, the introduction of new state variables and possibly the loss of 
others. It can be a deliberate process, initiated by the people involved, or it can be forced 
on them by changing environmental or socioeconomic conditions. What the growing body 
of literature that discusses transformational changes highlights is that the main 
challenges associated with transformation are not of a technical or technological nature 
only. Instead, as pointed out by O’Brien (2011), these shifts might incorporate a blend of 
mechanical developments, institutional changes, behavioural movements and social 
changes; they often include the scrutinizing of qualities, the testing of suppositions, and 
the ability to nearly analyse settled convictions, characters and generalizations. In other 
words, they challenge status quo. 
 
 To be fruitful, these transformational changes therefore require changes to 
entrenched systems maintained and protected by powerful interests. There are, 
consequently, enormous barriers to transformation, rooted in culture and cognition and 
expressed through economic and social policies, land-use legislation, resource 
management practices, and other institutions and social practices. 
 
Like the DROP model, the DROP/3D emphasizes the pre-event conditions. The 
pre-event conditions can be called in many ways, e.g. inherent or antecedent conditions 
(Cutter et al., 2008) or prevalent or baseline conditions 
(Cardona, 2005). They are a product of systems within 
a country and include inherent resilience. Cutter et al. 
(2008) proposes that the antecedent conditions are a 
product of place-specific multi-scalar processes that 
occur within and between social, natural, and built 
environment systems. Antecedent conditions include 
both inherent vulnerability and inherent resilience. 
However, this dissertation sees the need to extend the 
concept. Combined with the system theory, it proposes that inherent resilience is a 
product of systems resilience. 
 
3.5. Identifying Resilience Components 
 Through literature review, attempts to identify the presence of resilience has 
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traditionally aimed at assessing country’s assets or capitals (Mayunga, 2007). This 
depends on the idea that frameworks are by and large consisted of capitals or resources, 
while they rely upon frameworks for their presence and upkeep. They can be both 
physical (basic) and non-physical. However, there are key shortcomings of asset- or 
capital-based approaches to resilience. To consider a country just as a set of capitals 
neglects the fact that a country is a social, economic and political construction as well as 
a physical one. Many non-structural capitals within countries are often overlooked due 
to difficulties to identify and assess. A country is built on social assets as much as the 
physical assets of buildings and roads. The relationship between physical and social 
networks is instrumental to understanding how physical assets may contribute to city 
resilience. 
 
From the DROP/3D model proposed, the pre-event conditions, entailing inherent 
resilience, is the result of resilience of those smaller systems or sub-systems. Although 
each country is uniquely shaped by its geographical characteristics, its population, and 
its history, the systems within a country generally perform similar services; to name a 
few, providing basic infrastructure, facilitating good flow of trade and services, 
developing and enforcing legislation. Therefore, systems within a country are easier to 
compare in terms of their characteristics or qualities of resilience than countries 
themselves. It is more common to investigate the resilience of specific systems rather 
than the resilience of ‘the country’ as a system in itself (Gall, 2013). The systems 
approach gives advantages to the analysis as it recognises both structural and non-
structural components, and human and physical systems (Gall, 2013). For example, da 
Silva et al. (2012) divide systems into three categories, which reflect these institutional, 
human and physical groupings: institutional networks; knowledge networks; and 
networked infrastructures as shown in table 3.1. 
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Table 3.1 da Silva et al.’s three categories of systems 
Source: da Silva et al. (2012) 
 
  
To build its own list of systems for a country, this dissertation stocktook eleven 
overlapping understandings of resilience in various fields, proposed by socio-ecologists. 
It broke down their potential components as shown in Table 3.2. (for more details, refer 
to Annex 1). From the study, the key findings regarding systems within a system are as 
follow: 
 There is no limit on the number or an exact number of systems or subsystems 
that a resilient system should have. 
 Systems within a system can be classified according to various criteria e.g. 
sectors, institutions, capitals, and assets, etc. 
 A resilient system has distinct qualities or characteristics to differentiate it from 
ones that is simply proper or sustainable.  
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Table 3.2. Metric table of resilience understandings 
Author(s), 
Year 
Conceptualisations Perspective Elements/components 
Potential 
Components/Systems 
Perspective Qualities/ 
Characteristics 
Adger, 
2000, 2002 
Social resilience as the 
ability of human 
communities to withstand 
external shocks 
 Economic growth 
 Distribution of wealth 
 Degree of dependency on natural resources 
 Environment variability 
 Stability of Livelihoods 
 Mobility and migration 
 Level of functional diversity 
 Degree of legitimacy of institutions 
 Resource dependency 
 Economic system 
 Livelihood 
 Environmental system 
 Legislative system 
 Social institution 
 
 Diverse natural resources 
 Low frequency and intensity 
of extreme events 
 Stable livelihoods 
 Equitable distribution of 
assets 
 Responsive 
 Dynamic 
Berkes, 
2007 
Resilience as 4 components  Good knowledge of past disturbances, tools, and 
codes of conduct 
 Large number of species in ecological system 
 Local and indigenous knowledge 
 Decentralization 
 Self-organization 
 Education 
 Ecological system 
 Political system 
 Learning 
 Diversity 
 Self-organization 
Cutter et 
al., 2008 
DROP model of resilience  High biodiversity 
 Large number of social networks 
 High rate of employment 
 Wealth distribution 
 High community participations 
 High level of functioning of critical infrastructure 
 Ecological System 
 Social system 
 Economic system 
 Infrastructure 
 
 Diverse 
 Supportive  
 Redundancy 
Folke, 2006 Disturbances in a resilient 
social-ecological system 
have the potential for 
innovations and 
development 
 Network Government System  
 Learning  
 Governance 
 Diverse Actors 
 Political System 
 Education  
 
 Learn to manage 
 Embrace uncertainty 
 Interaction between system 
components 
 Non-equilibrium dynamics 
Holling, 
1973 
Resilience as persistence of 
systems, ability to absorb 
change and still maintain 
its function 
 Mainstreaming Disaster Risk Reduction 
 Levels of well-being 
 Strong social, political, cultural, economic and 
natural links 
 Political System 
 Livelihoods 
 Environmental system 
 Flexible 
 Dynamic 
 Ability to cope 
 Open and dispersed 
 Heterogeneous 
Manyena, 
2006 
Resilience as a sum of 
processes 
 Community awareness towards disasters 
 Human development  
 Information sharing 
 Political Participation 
 People-involvement in policies 
 
 
 
 Human Development 
 IT 
 Infrastructure 
 Governance 
 Civil Society 
 
 Recovery and Bounce back 
focus 
 Proactive adaptation to risk 
 Local knowledge and culture 
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Author(s), 
Year 
Conceptualisations Perspective Elements/components 
Potential 
Components/Systems 
Perspective Qualities/ 
Characteristics 
Mayunga, 
2007 
Resilience as 5 Capitals  International involvement 
 Economic growth: employment, income, investment 
 Education 
 Infrastructure 
 Environment 
 Social system 
 Economic system 
 Human development 
 Infrastructure 
 Natural system 
 Trust 
 Community cooperation 
 High level of knowledge and 
skills 
 Full of resource 
 Protection of environment 
Osbahr, 
2007 
Resilience as a measure of 
the amount of change a 
system can undergo while 
retaining the same controls 
on structure and function 
 Substantial remittance income in community 
 Adaptation actions based on autonomous efforts 
 Existence of indigenous knowledge 
 Existence of effective labour exchanges and 
agricultural associations 
 Decentralization of decision making 
 Existing social and economic networks 
 High degree of community knowledge 
 Capacity building initiatives 
 Degree of innovation 
 Economic system 
 Financial system 
 Education 
 Political system 
 Social network 
 Livelihoods 
 Heterogeneity 
 Supportive 
 Robust 
 Participatory 
 Polycentric and multi-
layered 
 Accountable 
 Flexible 
 Engagement 
Rockefeller 
Foundation, 
2009 
Resilience is capacity to 
dynamically and effectively 
respond to shifting climate 
impact circumstances while 
continuing function at an 
acceptable level 
 Decentralized systems of decision making 
 Available financial services 
 Existence of sustainability 
 Mainstreaming of disaster risk management 
 High degree of knowledge 
 Insurance 
 Reducing stressors  
 Infrastructure 
 Financial system 
 Education 
 Dynamic 
 Flexible 
 Multi-faceted skills 
 Redundancy  
 High level of planning and 
foresight 
 Diverse and decentralized 
Resilience 
Alliance, 
2009 
Resilience as stability, self-
organization and learning 
 Land tenure systems that promote equity and 
sustainable land use 
 Diverse groups of species in ecological systems 
 Local knowledge  
 Legislative system 
 Ecological system 
 Education 
 Civil Society 
 Self-organisation 
 Diversity 
 Flexibility 
 Dynamic 
 Supportive 
Twigg, 2009 Resilience as an ability to 
absorb stress, to manage or 
maintain certain basic 
functions and structures 
during disastrous events 
and bounce-backability 
after a disaster 
 Policy, planning, priorities and political 
commitment  
 Legal and regulatory systems  
 Public awareness, knowledge and skills  
 Education and training  
 Environmental and natural resource management  
 Health and well-being  
 Sustainable livelihoods  
 Social protection  
 Financial instruments 
 Organizational capacities and coordination  
 Preparedness and contingency planning  
 Emergency resources and infrastructure 
 Governance 
 Risk assessment 
 Knowledge and education 
 Risk management and 
Vulnerability 
 Disaster preparedness an 
response 
 Livelihoods 
 Environmental system 
 
 Participatory 
 Resourceful 
 Skilful 
 Dynamic 
 Accountable 
 Flexible 
 Engagement 
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From the table 3.2, the potential systems, for evaluation purposes, can be 
summarized into seven systems with underlying variables shown in table 3.3. 
 
Table 3.3. Summary of potential systems for evaluation purposes 
Systems Variables 
1. Human Development   Education 
 Health and Well-being 
 Sustainable Livelihoods 
 Variety of Cultures 
 Experience- and Knowledge-Sharing  
 Promotion of local and indigenous knowledge 
 Innovation 
2. Politics  Decentralization 
 Participatory Decision Making 
 Self-organization 
 Governance 
3. Legislation  Regulatory Quality 
 Rule of Law 
 Control of Corruption 
4. Economy  Economic Growth 
 Distribution of Wealth 
 Employment 
 Savings 
 Insurance 
 Financial services 
5. Infrastructure  Clean water 
 Electricity 
 ICT Access 
 Transportation 
 Accommodations 
 Land tenure 
6. Environment  Resource Dependency 
 Quality of air 
 Water and sanitation 
7. Ecology  Environmental Variability 
 Species Variety in Ecological System 
 Biodiversity 
 
The tables 3.2 and 3.3 will be used as a guidelines to develop composite 
indicators, to be explained in the next chapter. The list will be studied in line with 
ongoing efforts in measuring a country’s resilience, as well as the consistency with Hyogo 
Framework for Action and Post-2015 Framework for Disaster Risk Reduction, then 
shortlisted according to data availability, and arranged into thematic categories. 
 
3.6. Identifying Qualities/ Characteristics of Resilience Systems 
Conceptualisations of the components of resilience are a significant part of the 
‘new’ wave of resilience thinking, which is linked to promoting resilience as a 
development agenda (e.g. Manyena, 2006; Rockefeller Foundation, 2009; World 
Economic Forum, 2013). Qualities or characteristics of system distinguish a resilient 
country from one that is simply sustainable, lively, and prosperous. These characteristics 
are perceived to be crucial in preventing failure or breakdown, or enabling timely action 
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to be taken. Bahadur at al. (2010) proposed ten characteristics of resilience systems: (1) 
high diversity, (2) effective governance, institutions/ control mechanisms, (3) acceptance 
of uncertainty and change, (4) preparedness, planning and readiness, (5) high degree of 
equity, (6) social values and structures, (7) non-equilibrium system dynamics, (8) 
learning, (9) community involvement and inclusion of local knowledge, and (10) adoption 
of a cross-scalar perspective. 
 
The Rockefeller Foundation (2009) presents seven ‘qualities’ of resilient cities: 
(1) flexibility, (2) a multi-faceted skill set, (3) Redundancy, (4) collaborative multi-sector 
approaches, (5) planning and foresight, (6) diversity and decentralization, and (7) plan 
for failure. They are similar in function and purpose to the Stockholm Resilience Centre’s 
seven principles of resilience: (1) maintain diversity and redundancy, (2) manage 
connectivity, (3) manage slow variables and feedbacks, (4) foster complex adaptive 
systems thinking, (5) encourage learning, (6) broaden participation, and (7) promote 
polycentric governance systems, in that they provide guidance for how to achieve 
resilience (Stockholm Resilience Centre, a). In other words, adherence to the ‘qualities’ 
or ‘principles’ of resilience should put one on the path toward resilience. World Economic 
Forum (2013) also proposes an assessment of three resilience characteristics: Robustness, 
Redundancy, and Resourcefulness as a way to measure a country’s disaster resilience.  
 
This dissertation found that characteristics proposed by Stockholm Resilience 
Centre (a), Bahadur et al. (2010), World Economic Forum (2013), and the Rockefeller 
Foundation (2014) draw out areas of convergence. Here, literature review is also carried 
out with the hope to extract characteristics or qualities of resilient systems (Table 3.2.). 
Some concepts are stated to be characteristics of resilient systems in a number of 
different pieces of literature. These characteristics can be assembled into the following 
qualities shown in Table 3.4. 
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Table 3.4 Key Qualities of Resilient Systems 
 
 
3.7. Proposed Structure for National Disaster Resilience Measurement 
The dissertation proposes PINE - the structure for national disaster resilience 
measurment - shown in Figure 3.7. The middle layer represents the four domains of 
systems within a country. The outer layer represents the seven qualities of resilient 
systems. 
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Figure 3.7 Proposed structure for national disaster resilience measurement (PINE) 
 
Given that a country’s systems are varied and that a country’s systems can be 
classified in different themes, this research proposes a classification of systems within a 
country into four domains: People, Infrastructure, Nature, and Enabling Environment 
(represented by the acronym PINE).  
 
 People domain represents country’s human capital and aspects that support 
human development. It catches distinctive sustenance that empowers the people of a 
country, including (1) education that equips people with soft power to achieve life 
objectives, (2) livelihood that portrays people’s quality of life in terms of physical and 
mental strength, and (3) employment where it represents human security, sources of 
income, and career opportunity in terms of training. This domain is based on the fact 
that the strength of people in terms of knowledge, skills, health, and physical ability, is 
an important asset in building national disaster resilience. They also determine the level 
of disaster resilience. 
 
 Infrastructure domain discusses built-in, physical, tangible and intangible 
infrastructure. Traditionally, infrastructure is often referred to as the built environment, 
which comprises hard structures, e.g. e.g. buildings, dams, and bridges, as well as 
lifelines such as communication facilities, electricity, transport systems, water supplies. 
Yet, in a more intangible sense, infrastructure includes managerial skills of unexpected 
events, shocks, hazard events, or disasters. This domain is developed based on the fact 
that infrastructure is essential elements for proper functioning of a country. Critical 
infrastructure also ensures that a country have resources and support arrangements in 
case of disasters. 
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 Nature domain discusses environmental health and eco-system strength. It 
covers stocks of national assets from which resource flows and services essential for 
livelihoods are derived. Such resources include forest, biodiversity, marine abundancy, 
and minerals. It also includes environmental health, and national regulations regarding 
ecological management and preservation. This domain is formed based on the positive 
relationship between nature and disaster resilience.  
 
 Enabling Environment domain facilitates actors and participants in a country 
to involve in development processes in a sustained, efficient, and effective manner. 
Enabling environment is different from infrastructure in the sense that enabling 
environment reflects elements that comes from main institutions of a country, e.g. 
governance, legislation and socio-economics, that are the product of interactions between 
civil society and governmental bodies, and that helps people to achieve their optimal 
goals. Whereas, infrastructure is what the government provides for its people.  
 
 This domain is formed based on the fact that enabling environment allows 
people to draw on resources in their countries to increase the likelihood to address 
disaster concerns, as well as increase the level of preparedness and ability to take 
protective measures. In socio-economic terms, this denotes financial resources that 
people use to support their well-being and livelihoods, increase the ability to absorb 
disaster impacts, and speed up the recovery process. In terms of governance, it allows 
people to express freely. People voices are heard and translated into feedback for 
betterment. Control of corruption and government effectiveness play an important role 
in time of emergency. It brings about timely response, and fast recovery. In terms of 
efficient legislation, it create a levelled environment for competitiveness, orderly society, 
and security of a country.  
 
 In terms of qualities of a resilient system, the research echoes the seven areas 
of convergence found in literature. In Table 3.5, it is the seven qualities of a resilient 
systems with summarized explanation bullets: 
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Table 3.5 Seven qualities summarized in explanation bullets 
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CHAPTER 4 
DEVELOPING AN APPROACH 
FOR NATIONAL DISASTER RESILIENCE MEASUREMENT 
 
4.1. Introduction 
In this chapter, the utilization of indicators and indices is discussed as an 
instrument to assess national disaster resilience. Its emphasis is on the significance and 
utilization of indicators and indices and the challenge emerging from creating and 
applying them. Then, it outlines an analytical framework where indicators for 
measuring national disaster resilience were shortlisted and selected, and summarizes 
the final set of indicators. Last, the methods used in aggregating and validating the 
indicators are discussed.  
 
National disaster resilience is a highly flexible and multifaceted concept that 
has many underlying factors. Therefore, developing a comprehensive instrument to 
evaluate national disaster resilience, which represents its related elements and 
dimensions, is challenging. At present, there is no settled methodological procedure in 
theories and past literature to assess national disaster resilience. As discussed in the 
previous chapters, a comprehensive way to measure national disaster resilience should 
discuss resilience capacities within a system. Furthermore, the literature on disaster 
resilience suggests that a fruitful approach for measuring national disaster resilience is 
to assess various forms of systems. This research has identified the four domains of 
systems: People, Institution, Nature, and Enabling Environment. This chapter discusses 
how these systems are employed to assess national disaster resilience with respect to the 
three resilience capacities (absorptive coping, adaptive, and transformative) and how to 
form a national disaster resilience index. 
 
4.2. Indicators as Proxies of Disaster Resilience 
The utilization of indicators and indices in sociology-related research has 
significantly gained popularity. Especially in the disaster research, there are now a 
number of set of indicators and system of indices, which are currently being utilized. The 
increasing number of goals and objectives under inter-governmental frameworks for 
developmental sustainability, which extends to disaster risk management and climate 
change, signifies the necessity to develop an ability to evaluate progress. A set of seven 
global targets was agreed on at the World Conference on Disaster Risk Reduction in 
Sendai in March 2015. The UN Sustainable Development Goals were adopted in 
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September 2015; and new targets for reduction of greenhouse gas emissions under the 
UN Framework Convention on Climate Change (UNFCCC) are expected to be adopted 
at the end of this year. Without a way to assess movement toward these targets, these 
global initiatives lose credibility, but more importantly, the interventions and proactive 
actions beneficial to human and world’s sustainable development may not be 
strategically implemented.  
 
The usage of indicators and indices have been embraced by various scientists in 
various fields for different purposes. There is no universally accepted definition of an 
indicator. Generally, an index is composed of several different indicators combined 
together using some mathematical formulae to give a single value called an index. 
Indicators are a standout amongst the most-utilized forms of monitoring progress. The 
key to good indicators is credibility rather than volume of data or precision in 
measurement. Sandhu-Rojon (2003) argues that a quantitative observation is no more 
inherently objective than a qualitative observation, but suggests that large volumes of 
data can bring confusion rather than focus. It is more helpful to have approximate 
answers to a few important questions than to have exact answers to many unimportant 
questions (Spearman and McGray, 2011). Underlying this is the important question of 
how many indicators are necessary to accurately tell a story of resilience. Furthermore, 
what can be done when no information is available for the most important indicators? 
These are major questions that need to be considered in the development of 
measurement framework. 
 
Another important dimension of indicators is the type of indicators that are 
being collected. This is because indicators can measure inputs, processes, outcomes, or 
outputs; and the distinction matters. The distinction between the various types of 
indicators is able to bring to the attention of both developers and users of resilience 
frameworks what type of information can be extracted from different types of questions 
and indicators. This offers a more nuanced and informed approach because it makes it 
clear that there are different dimensions of resilience.  
 
Furthermore, there is not a single group of indicators that represent and discuss 
all policy perspectives. Indicators are designed to give information that will help 
executives make better choices and eventually improve resilience, but will not provide 
answers alone. It often appears easier to interpret composite indicators than to identify 
common patterns across different individual indicators, and they have also proven 
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beneficial in benchmarking level of ability or performance among countries (Saltelli, 
2007). However, composite indicators can send misleading policy messages if they are 
poorly constructed or misinterpreted. Their "big picture" results might welcome decision-
makers to draw oversimplified analytical or policy conclusions. Hence, indicators must 
be seen as a method for starting debates and raising public interest.  
 
A lack of consensus regarding the usability and potential of numerical indicators 
to successfully measure resilience has led to debates. Levine and Mosel (2014) proposes 
that numerically measuring resilience is impractical, highlighting that resilience cannot 
be measured as a ‘singular entity’ because of the various degrees of threat or risk to 
which individuals are exposed. However, despite these limitations, the use of indicators 
and indices has continued to grow mainly because of the following advantages;  
1. If they are properly constructed, indices can be an effective communicative and 
planning instrument, and utilized effectively to compare performance and 
progress over space and time. 
2. Indices provide the big picture. They can be simpler to translate than trying to 
find a pattern in many different individual indicators. They encourage ranking 
on complex issues. 
3. Indices can be used to summarize complex or multi-dimensional issues, in view 
of supporting decision-makers. 
4. Indices can help attract public enthusiasm by giving a summary figure that can 
compare the performance across communities and their progress over time. 
 
4.3. Constructing composite indicators of national disaster resilience 
It is significant and helpful to evaluate the conditions that prompt national 
resiliency and the country’s performance regarding its comparative national disaster 
resilience. Composite indicators are one of the viable ways to achieve the objective. In 
this research, composite indicators are utilized to designate individual variables to 
produce a national disaster resilience index. 
 
There are a limited number of resilience measurements that utilize composite 
indicators at the national scale. On the contrary, at the sub-national scales there are a 
number of frameworks attempting to evaluate resilience. Among those efforts are 
metrics created to assess the susceptibility of small states to fluctuations within 
international economies (Briguglio 1995; Easter 1999) and indicators designed to 
measure national wellbeing (Neumayer 2001; Prescott-Allen 2001). Also significant are 
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composite indicators of social vulnerability to natural or technological hazards. Cutter 
et al.’s Social Vulnerability Index (SoVI) is perhaps the most well-known and widespread 
example (Cutter et al., 2003). Additional indices that focus explicitly on aspects of social 
vulnerability include the Prevalent Vulnerability Index (Cardona, 2005), and World Risk 
Index. 
 
Development of a composite index is a systematic procedure. These steps 
include: (1) Developing a framework for indicator selection; (2) Identifying and 
developing relevant indicators; (3) Standardizing indicators to allow comparisons; (4) 
Weighting indicators and groups of indicators; and (5) Validating the index. 
 
4.4. Framework for indicator selection 
The objective of choosing indicators is to make sure that the chosen indicators 
are on point, measurable, and most importantly discuss the concept that the 
measurement intends to measure (Nardo et al., 2008). Table 4.1 shows the theoretical 
framework or matrix that was used as a guide to achieve this goal. The framework 
represents a matrix of 3x4 cells. In total there are twelve cells which represent 3 
capacities and 4 domains of systems. The columns of the framework represents the 
domains of systems while the rows represent the 3 capacities of a resilient country. 
 
Based on this indicator selection framework, disaster resilience indicators were 
chosen by identifying the four domains of systems and the three capacities of resilience. 
The initial step was to recognize the related components of each resilience capacities. 
Then, the second step was to identify indicators for each system domain that are relevant 
to undertake each activity under each capacities. In the framework, these indicators are 
represented by the word indicator 1 to x. These indicators will be discussed in detail in 
the next section. 
 
Generally, this cross-classification technique is helpful to distinguish 
exceptional components of a country's domains of systems essential to undertaking 
activities of each resilience capacities. In addition, the cross-classification technique 
guaranteed content validity of the chosen indicators. This research takes a more 
theoretically driven approach by first identifying elements relevant to each resilience 
capacities and then indicators from each domain of systems. In other words, the 
technique used in this research constructs the overall national disaster resilience index 
from the ground influenced by both theoretical and empirical decisions. The final 
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selection will be crosschecked with the resilience elements identified and implied by 
actual disaster-related events. 
 
Table 4.1. Framework for indicator selection 
Resilience capacities 
PINE Domains  
People Infrastructure Nature 
Enabling 
Environment 
1. Absorptive coping capacity 
Definition:  
The ability to prepare for, mitigate or 
prevent the impacts of negative events 
using predetermined coping responses in 
order to preserve and restore essential 
basic structures and functions. 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
2. Adaptive capacity 
Definition: 
The ability to adjust, modify, or change its 
characteristics and actions to moderate 
potential, future damage and to take 
advantage of opportunities, all in order to 
continue functioning without major 
qualitative changes in function or 
structural identity. 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
3. Transformative capacity 
Definition: 
The ability to create a fundamentally new 
system when ecological, economic or social 
structures make the existing system 
untenable. 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Indicator 1 to  
Indicator x 
Note: x is the number of indicators. The definitions of the three capacities are taken from Béné et al. in OECD (2014).   
 
4.5. Selection of indicators 
 Apart from the framework for indicator selection presented in Table 4.1, this 
research reviewed twelve understandings on resilience, sixteen ongoing efforts in 
measuring resilience, and ninety-nine disaster-related events to identify resilience 
elements that signify or imply indicators relevant to national disaster resilience 
measurement. The selected indicators were crosschecked to make sure of their 
consistency with two international frameworks of disaster risk reduction and resilience 
enhancement: Hyogo Framework for Action (HFA) and Sendai Framework for DRR. 
Then, they were evaluated by data availability. 
 
One of the critical elements of this research is the issue of data availability. 
Generally, the indicator selection was partly limited by the unavailability of data. Data 
for some potential indicators were not available or not easily accessible; for example, 
data on efficiency of land-use planning, insurance penetration, efficiency of emergency 
response teams. To make the matter worse, some of the data can only be obtained by 
conducting a field survey. In general, data for this research were obtained from a variety 
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of secondary and reliable sources and international organizations, mainly from World 
Bank, the United Nations, and World Economic Forum. 
 
 
REVIEW INCORPORATE CHECK 
12 resilience 
understandings 
/literature 
16 ongoing efforts in 
measuring resilience  
(6 at national level &  
10 at sub-national level) 
disaster-
related events 
Hyogo 
Framework 
for Actions 
Sendai 
Framework 
for DRR 
data 
availability 
Annex 1  Annex 2 Annex 3 
 
The review of resilience understandings and theories is discussed in Table 3.2., 
Chapter 3. The review over ongoing efforts in measuring resilience revealed that there 
are a limited number of frameworks directly discussing national disaster resilience. 
Therefore, the scope of the review had to expend to cover the ongoing efforts at sub-
national level as to gain wider picture on methodology, frameworks, and indicator 
selection. Table 4.2 shows a summary matrix of elements derived from the study of 16 
ongoing efforts in measuring resilience (for more details, refer to Annex 2). A preliminary 
set of indicators was selected; yet, the composure of the set was chiefly based on theories, 
not the reality. 
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Table 4.2. Matrix of Elements Derived from Ongoing Efforts in Resilience Measurement 
Name (Developer) Objectives Framework/Model Components 
Methodology Data Sources 
Quantitative 
Assessment 
Qualitative 
Assessment 
Participatory 
Method 
Primary Secondary 
National Level 
1. AGIR9 Results 
Framework 
(AGIR) 
Assessing resilience in terms of 
food and nutritional 
vulnerabilities 
4 food and nutritional security 
policies: 1) the CILSS Strategic 
Framework for Food Security; 2) 
the Agricultural Policy of the 
West African Economic, 3) the 
Common Agricultural Policy of 
the Economic Community of 
West African states, 4)  the 
Policy on Disaster Risk 
Reduction, 5) the Labour and 
Employment Policy; and 5) the 
Humanitarian Policy  
4 pillars: 1) strengthen and secure 
livelihoods & improve social 
protection, 2) strengthen nutrition, 
3) sustainably strengthen 
agricultural and food productivity, 
and 4) strengthen the governance 
for food and nutritional security 
     
2. Global Focus Model 
(UN/OCHA10 & 
Maplecroft) 
Assessing Risk and Vulnerability Commercially available 4 scopes: 1) political, 2) economic, 
3) social, and 4) environment - - - - - 
3. Country Resilience 
Rating  
(World Economic Forum) 
Assessing resilience of countries 
to global risks with emphasis on 
economic terms 
Resilience : Panarchy (System of 
systems) 
4 components: robustness, 
redundancy, resourcefulness, 
response and recovery 
  
Perception 
Surveys 
  
4. Index for Risk 
Management (INFORM) 
(Inter-Agency Standing 
Committee Task Team for 
Preparedness and 
Resilience and the 
European Commission) 
 
Assessing risk for humanitarian 
crisis and disasters 
Risk = Hazard X 
Vulnerability X Lack of Coping 
Capacity 
3 dimensions: 1) hazard & 
exposure (natural and human), 2) 
vulnerability (socio-economic and 
vulnerable groups), and 3) lack of 
coping capacity (Institutional & 
Infrastructure) 
     
5. Indicators of Disaster 
Risk and Risk 
Management 
(Inter-American 
Development Bank) 
Assessing disaster risk and risk 
management (Program for Latin 
America and the Caribbean) 
Risk = Hazard X Vulnerability X 
Lack of Resilience 
4 composite indicators: 1) Disaster 
Deficit Index, 2) Local Disaster 
Risk Index, 3) Prevalent 
Vulnerability Index, and 4) Risk 
Management Index 
  
Perception 
Surveys 
  
6. World Risk Index (WRI) Measuring disaster risk value for 
173 countries 
Risk = Hazard X Vulnerability 
(Susceptibility, Coping, and 
4 components: 1) exposure, 2) 
susceptibility, 3) coping capacities, 
     
                                                   
9 Global Alliance for Resilience 
10 United Nations Office for the Coordination of Humanitarian Affairs 
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Name (Developer) Objectives Framework/Model Components 
Methodology Data Sources 
Quantitative 
Assessment 
Qualitative 
Assessment 
Participatory 
Method 
Primary Secondary 
(UNU-EHS11) Adaptation) and 4) adaptation 
Sub-national Level 
1. Baseline Resilience 
Indicators for 
Communities (BRIC) 
(University of South 
Carolina) 
Measuring baseline or 
antecedent resilience at 
community level 
Resilience of Place (DROP) model 4 sets of metrics: 1) social 
vulnerability, 2) Built Environment 
and Infrastructure, 3) Natural 
Systems and Exposure, and 4) 
Hazards Mitigation and Planning 
for Resilience 
     
2. Community Based 
Resilience Analysis 
(CoBRA) 
(UNDP Drylands 
Development Centre) 
Developing community-based 
resilience analysis and assessing 
resilience based on food and basic 
needs 
context specific measurement 
framework 
5 categories: 1) Physical, 2) 
Human, 3) Financial, 4) Natural, 
and 5) Social   
Question-
naire 
  
3. DRLA/UEH Evaluation 
Resilience Framework for 
Haiti  
(Tulane University / 
University of Haiti) 
Measuring the relationship 
between a shock, humanitarian 
assistance and resilience 
DRLA/UEH Evaluation 
Resilience Framework, known as 
‘Haiti Resilience Impact and 
Change Model’ 
7 components: 1) wealth, 2) debt 
and credit, 3) coping behaviours, 4) 
human capital, 5) protection and 
security, 6) community networks, 
and 7) psychosocial status 
  
Question-
naire 
  
4. FAO Resilience Tool 
(FAO12) 
Understanding the most effective 
combination of short and long 
term strategies for lifting 
families out of cycles of poverty 
and hunger and measuring 
households resilient to food 
security shocks 
Rationale for measuring 
resilience to food insecurity 
6 components: 1) assets,  
2) income and food access,  
3) access to basic services,  
4) social safety, 5) adaptive 
capacity, and 6) stability 
     
5. Livelihoods Change 
Over Time (LCOT) 
(Tufts University, Mekelle 
University) 
Assessing ability to “bounce 
back” from major regional food 
security crises in Northern 
Ethiopia 
Resilience trajectories, based on 
Frankenberger et al. (2012), and 
“poverty traps” framework 
3 types of analysis: 1) household 
welfare over time, 2) food security 
dynamics, 3) poverty traps 
  
Twice-a-
year 
Survey 
  
6. PEOPLES Resilience 
Framework 
(Multidisciplinary Center 
for Earthquake 
Engineering Research: 
MCEER) 
Comprehensive measurement 
framework building upon 
MEERC R4 resilience framework 
and TOSE domain to assess 
resilience in a community 
Extended R4 resilience 
framework  
7 components: 1) population & 
demographics, 2)  environmental 
& ecosystem, 3) Organized 
governmental services,  
4) Physical infrastructure,  
5) Lifestyle and community 
     
                                                   
11 Institute for Environment and Human Security (EHS) of the United Nations University (UNU) 
12 Food and Agriculture Organization of the United Nations 
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Name (Developer) Objectives Framework/Model Components 
Methodology Data Sources 
Quantitative 
Assessment 
Qualitative 
Assessment 
Participatory 
Method 
Primary Secondary 
competence, 6) Economic 
development, and 7) social-cultural 
capital 
7. Resilience Capacity 
Index (RCI) 
(Network on Building 
Resilient Regions (BRR)) 
Gauging of a region’s foundation 
for responding effectively to a 
future stress 
Assessing regional strengths and 
weaknesses in the US, and 
comparing their region’s capacity 
profile to that of other 
metropolitan areas 
Not given 3 components: 1) regional economic 
capacity, 2) socio-demographic 
capacity, and  
3) community connectivity capacity 
     
8. ResilUS  
(Western Washington 
University) 
Prototyping simulation model of 
community resilience in U.S. in 
terms of disaster recovery from 
disasters; and operationalizing 
community resilience across 
multiple, hierarchical scales in 
relation to a range of policy and 
decision variables associated 
with each scale 
Model of community capital 
resilience  
5 components according to 5 
elements of community capitals: 1) 
Physical, 2) Economic, 3) Socio-
cultural, 4) Personal, and 5) 
Ecological capitals. - - - - - 
9. Risk Reduction Index 
(RRI) 
(DARA) 
Measuring local perception on 
risk drivers (For Latin America 
and Western Africa) 
Risk drivers, in line with HFA 
Priority for Action 4 
4 components of risk drivers:  
1) environment and natural 
resources, 2) socio-economic 
conditions, 3) land use and the 
built environment, and  
4) governance 
  
Question-
naire 
  
10. USAID resilience 
domain framework 
(USAID13) 
Developing matrix with a set of 
indicators for 3 objectives and 
the goal of increased resilience of 
chronically vulnerable 
populations and measuring 
community resilience 
FAO resilience domain 
framework 
6 domains: 1) income & food access, 
2) assets, 3) adaptive capacity, 4) 
social capital and safety nets, 5) 
governance, and  
6) nutrition and health 
  surveys   
Note : This table is adapted, extended, and updated from UNDP’s mapping the ongoing resilience measurement prepared by Winderl (2014).  
                                                   
13 The United States Agency for International Development  
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Therefore, disaster-related hazard events were studied with two main purposes: 
1) to identify resilience elements, and 2) to extract good and best practices as examples 
for countries to use to improve their levels of resilience. For an event included into the 
analysis, at least one of the following criteria was fulfilled: 10 or more people reported 
killed; 100 or more people reported affected; declaration of a state of emergency; call for 
international assistance; and/or proof of good practices verified by at least one 
international organization. Table 4.3. shows resilience elements identified from disaster-
related events (for more details, refer to Annex 3). 
 
Table 4.3. Resilience Elements Identified from Disaster-related Events 
Categories Resilience Identified Supporting Cases 
Preparedness Early Warning System  Comoros, Karthala Volcano Eruption, 2005 
 Congo, Nyiragongo Volcano Eruption, 2002 
 Haiti, Hurricane Jeanne, 2004 
 International event, Indian Ocean Earthquake and Tsunami, 2004 
(Indonesia, Sri Lanka, Thailand, India) 
 Italy, Etna Volcano Eruption, 2013 
 Jamaica, Hurricane Ivan, 2004 
 Philippines, Leyte island landslide, 2006 
 Russia, North Ossetia Landslide, 2002 
Emergency Training  Indonesia, Merapi Volcano Eruption, 2001-2003 
Experience Sharing  Comoros, Karthala Volcano Eruption, 2005 
Level of awareness (Low 
level of normalization bias)  
 Columbia, Galeras Volcano Eruption, 2002, 2006, 2008, 2009, 2010 
 Indonesia, Merapi Volcano Eruption, 2001-2003  
Emergency 
Response 
Prompt and well-planned 
emergency response  
 
 Afghanistan, Hindu Kush Earthquake, 2004 
 Columbia, Galeras Volcano Eruption, 2002, 2006, 2008, 2009, 2010 
 Congo, Nyiragongo Volcano Eruption, 2002 
 Haiti, Hurricane Jeanne, 2004 
 Indonesia, Merapi Volcano Eruption, 2001-2003 
 Iran, Bam Earthquake, 2004 
 Italy, Etna Volcano Eruption, 2013 
 Jamaica, Hurricane Ivan, 2004 
 Philippines, Leyte island landslide, 2006 
 USA, Hurricane Katrina, 2005 
Timely Evacuation  Afghanistan, Baghlan Earthquake, 2002 
 Fiji, Hurricane Wallis and Futuna, 2010 (successful evacuation) 
 Indonesia, Merapi Volcano Eruption, 2001-2003 (Refuse of evacuate for 
fear of job availability) 
 Russia, North Ossetia Landslide, 2002 
 Philippines, Leyte island landslide, 2006 (overcrowded & Refuse to 
evacuate) 
 Switzerland, Flood and landslide, 2005 (successful evacuation) 
 USA, New Orleans’ Gustav Hurricane, 2008 (half-million people 
evacuation) 
Emergency 
Communication  
 Afghanistan, Baghlan Earthquake, 2002 
 Columbia, Galeras Volcano Eruption, 2002, 2006, 2008, 2009, 2010 
Recovery Recovery   Haiti, Port-au-Prince Earthquake 2010 (2.3 million displaced people) 
 New Zealand, Christchurch Earthquake, 2011 (Vast structural damage as 
building weaken by 2010 earthquake) 
 USA, Hurricane Katrina, 2005 
Plans for secondary 
disasters 
 El Salvador, San Miguel Earthquake, 2001 (Landslide) 
 Bolivia, Flood, 2004, 2008 (Communicable diseases) 
 India, Uttarakhand Monsoon, 2013 (Heavy Rain, Landslide & Flash flood) 
 Japan, Tohoku Earthquake and Tsunami, 2011 (Nuclear accidents) 
 Pakistan, Balochistan flood, 2005 (waterborne diseases) 
 Russia, North Ossetia Landslide, 2002 
 USA, Hurricane Katrina, 2005 (Storms surge, Floods, Oil spill) 
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Categories Resilience Identified Supporting Cases 
Infrastructure Lifeline Facilities  Congo, Nyiragongo Volcano Eruption, 2002 
 Cook Islands, Cyclone Percy, 2004-2005 
 El Salvador, San Miguel Earthquake & Landslide, 2001 (Drinking water & 
Sanitation) 
 Fiji, Hurricane Wallis and Futuna, 2010 (Lifeline facilities vastly 
destroyed) 
 India, Gujarat Earthquake, 2001 
 Indonesia, Nias island landslide, 2001 
 Japan, Tohoku Earthquake and Tsunami, 2011 
 Pakistan, Kashmir Earthquake, 2005 
 Philippines, Leyte island landslide, 2006 
 Switzerland, Flood and landslide, 2005 
 USA, Hurricane Katrina, 2005 (Roads, Electricity) 
 USA, Hurricane Sandy, 2012 (Electricity) 
 Hospitals Capacity  Italy, Stromboli  Volcano Eruption, 2001-2002 
 Iran, Bam Earthquake, 2004 (90% of hospital destroyed) 
Governance Government Effectiveness. 
Good Governance. 
 Columbia, Galeras Volcano Eruption, 2002, 2006, 2008, 2009, 2010 
 Comoros island, Karthala Volcano Eruption, 2005 
 Congo, Nyiragongo Volcano Eruption, 2002 
 Dominican Republic, Haiti flood, 2007, 2015 (lack of government finance) 
 Pakistan, Balochistan flood, 2005 
 Philippines, Leyte island landslide, 2006 (corruption) 
 Russia, North Ossetia Landslide, 2002 (lack of government finance) 
 Switzerland, Flood and landslide, 2005 
Political Stability  Afghanistan, Baghlan Earthquake, 2002 
Fast government 
procurement 
 South Africa, flood, 2008 
Law 
Enforcement 
Efficient law enforcement  Philippines, Leyte island landslide, 2006 
Environment Animal and endangered 
species protection 
 Congo, Nyiragongo Volcano Eruption, 2002 
Environmental Protection   Dominican Republic, Haiti flood, 2007, 2015 
 Indonesia, Nias island landslide, 2001 (Illegal logging) 
 Philippines, Leyte island landslide, 2006 (Deforestation) 
 USA, Hurricane Katrina, 2005  
Water management   Pakistan, Balochistan flood, 2005 
 Suriname, flood, 2013 
Waste Management  Suriname, flood, 2013 
Vulnerable Group: Tourists  Italy, Stromboli  Volcano Eruption, 2001-2002 
 Indonesia, Merapi Volcano Eruption, 2001-2003 
Financial Support (from 
the government) 
 Columbia, Galeras Volcano Eruption, 2002, 2006, 2008, 2009, 2010 
 Indonesia, Merapi Volcano Eruption, 2001-2003 
Mitigation 
Policies 
Building code (Seismic 
Design Code 
 Afghanistan, Baghlan Earthquake, 2002 (House damage) 
 China, Great Sichuan Earthquake, 2008 (Massive Destruction) 
 Iran, Bam Earthquake, 2004 (Mud brick construction) 
 Japan, Northern Japan, 2008 (Best Practice – No death reported) 
 Morocco, Earthquake, 2004 (Traditional house damage) 
 New Zealand, Christchurch Earthquake, 2011 (Vast structural damage as 
building weaken by 2010 earthquake) 
 Pakistan, Balochistan flood, 2005 (mud-bamboo-chatee house) 
 Pakistan, Kashmir Earthquake, 2005 
 Turkey, Bingol Earthquake, 2013 (Traditional Himis buildings) 
 USA, Hurricane Sandy, 2012 (Roof blown off) 
Dam, Dyke reinforcement  Pakistan, Balochistan flood, 2005 
 Siberia, Yukutsk flood, 2001 
Well urban planning  El Salvador, San Miguel Earthquake & Landslide, 2001 (Pushing the poor 
to risky areas) 
 Iran, Bam Earthquake, 2004 
 Philippines, Leyte island landslide, 2006  
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Through the study of disaster-related events, the following bullets were 
observed and they directed to the need to add an indicator that discusses disaster 
management in the analysis.  
 Disaster management is highly important for a country to deal with a hazard 
event and directly affects the level of resilience. It is essential to consider every 
elements of the disaster management cycle, including mitigation, preparedness, 
response, and recovery.   
 Lifeline facilities does not only provide means to increase public livelihood, but 
also facilitates actions during emergency. For example, after the Kashmir 
Earthquake, the affected areas were located in the mountain where there was 
no connecting road, therefore, making rescue and evacuation difficult. 
 These resilience elements match the elements derived from the review over 
theories. There are available indicators that discuss Lifeline facilities, good 
governance, and law enforcement; however, none discusses disaster 
management. 
 
Since measuring disaster management concerns primary data collection and its 
concept is difficult to quantify, Hyogo Framework for Action (HFA) is the only resource 
that discusses aspects of disaster management. Therefore, this dissertation attempted 
to relate the resilience elements from disaster-related events to HFA especially its 
monitoring mechanism that comes in the form of self-assessment questions. The findings 
(Table 4.4.) include 1) HFA fills the gap of disaster management where there is no 
indicator to discuss, 2) its monitoring mechanism supplies primary data equivalent to 
those received from questionnaire, and 3) it can be used as disaster management index. 
As a result, HFA is utilized as part of the national disaster resilience. 
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Table 4.4. Resilience Identified from Disaster-related Events in Relation to HFA Monitor 
Categories Resilience Identified 
Hyogo Framework for Actions (HFA) Monitor 
Priorities Core Indicators Questions 
Preparedness Early Warning System 2. Identify, assess and monitor disaster risks 
and enhance early warning 
3. Early warning systems are in place for all major hazards, with 
outreach to communities 
Do risk prone communities receive timely and 
understandable warnings of impending hazard events? 
5. Strengthen disaster preparedness for 
effective response at all levels 
1. Strong policy, technical and institutional capacities and mechanisms 
for disaster risk management, with a disaster risk reduction 
perspective are in place 
Are future disaster risks anticipated through scenario 
development and aligned preparedness planning? 
Experience Sharing. 
Learning from the past 
3. Use knoweldge, innovation and education 
to build a culture of safety and resilience at 
all levels 
1. Relevant information on disasters is available and accessible at all 
levels, to all stakeholders 
Is there a national disaster information system publicly 
available? 
2. School curricula, education material and relevant trainings include 
disaster risk reduction and recovery concepts and practices 
Is DRR included in the national educational 
curriculum? 
3. Research methods and tools for multi-risk assessments and cost 
Bénéfit analysis are developed and strengthened 
Is DRR included in the national scientific applied-
research agenda/budget? 
4. Countrywide public awareness strategy exists to stimulate a culture 
of disaster resilience, with outreach to urban and rural communities 
Do public education campaigns for risk-prone 
communities and local authorities include disaster 
risk? 
Financial Support (from 
the government) 
1. Ensure that disaster risk reduction is a 
national and local priority with a strong 
institutional basis for implementation 
3. Community participation and decentralization are ensured through 
the delegation of authority and resources to local levels 
Do local governments have legal responsibility and 
regular / systematic budget allocations for DRR? 
5. Strengthen disaster preparedness for 
effective response at all levels 
3. Financial reserves and contingency mechanisms are in place to 
support effective response and recovery when required 
Are financial arrangements in place to deal with major 
disaster? 
Emergency 
Response 
Prompt and well-
planned emergency 
response  
5. Strengthen disaster preparedness for 
effective response at all levels 
1. Strong policy, technical and institutional capacities and mechanisms 
for disaster risk management, with a disaster risk reduction 
perspective are in place 
Are there national programmes or policies for disaster 
preparedness, contingency planning and response? 
Are future disaster risks anticipated through scenario 
development and aligned preparedness planning? 
Timely Evacuation 2. Disaster preparedness plans and contingency plans are in place at 
all administrative levels, and regular training drills and rehearsals 
are held to test and develop disaster response programmes 
Are the contingency plans, procedures and resources in 
place to deal with a major disaster? Emergency 
Communication  
4. Procedures are in place to exchange relevant information during 
hazard events and disasters, and to undertake post-event reviews 
Has an agreed method and procedure been adopted to 
assess damage, loss and needs when disasters occur? 
Recovery Recovery  1. Ensure that disaster risk reduction is a 
national and local priority with a strong 
institutional basis for implementation 
2. Dedicated and adequate resources are available to implement 
disaster risk reduction plans and activities at all administrative levels 
What is the ratio of the budget allocation to risk 
reduction versus disaster relief and reconstruction? 
 4. Reduce the underlying risk factors 5. Disaster risk reduction measures are integrated into post-disaster 
recovery and rehabilitation processes 
Do post-disaster programmes explicitly incorporate and 
budget for DRR for resilient recovery? 
Infrastructure Lifeline Facilities 5. Strengthen disaster preparedness for 
effective response at all levels 
1. Strong policy, technical and institutional capacities and mechanisms 
for disaster risk management, with a disaster risk reduction 
perspective are in place 
Are there national programmes or policies to make 
schools and health facilities safe in emergencies? Hospitals Capacity 
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In order to make the national disaster resilience most reflective the current 
standard of disaster resilience, the post-2015 framework for disaster risk reduction 
(Sendai framework) was also studied. Though the Sendai conference have just ended in 
2015 with meaningful progress, its monitoring mechanism and indicators for success are 
still under development. The proposed architecture of indicator system for the post-2015 
framework breaks resilience indicators into two levels: input and output levels (UNISDR, 
2013, and 2014). For the input level, the focus is on strengthening the resilience of a 
country in different levels, the state, households, and business, covering 11 sectors as 
follow:  
1. Disaster Risk Management Organization 
2. Economics and Finance sector 
3. Trade and investment sector 
4. Public works or infrastructure sector 
5. Energy sector 
6. Housing and urban development 
7. Agriculture and rural development 
8. Social welfare sector 
9. Education sector 
10. Health sector  
11. Employment sector 
 
For the output level, the proposed indicators covers 6 following categories that 
cover three economic regions: household and community resilience, business resilience, 
and macro-economic resilience. 
1. Economic and fiscal structure 
2. Poverty and social vulnerability 
3. Environmental degradation and climate change 
4. Coping capacity 
5. Urbanization 
6. Governance 
 
Through the observation of the post-2015 framework for disaster risk reduction, 
the following findings are used as inputs to be incorporated into this dissertation 
analysis.  
 Data availability is a major challenge in measuring resilience. There is no 
available date or indicator that directly discuss aspects in the input level. 
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Therefore, the measurement will have to be in the form of self-assessment. In 
the output level also, a number of indicators will have to be developed to suit 
the measuring goals, e.g. financial market, insurance penetration, dependence 
on critical infrastructure.  
 The majority of indicators reflects the school of thought that resilience comes 
from livelihoods, e.g. wealth distribution (GINI index), employment, GDP 
growth, access to infrastructure, ecosystem health, which has already 
incorporated in the national disaster resilience.  
 
In summary, more than 100 indicators were identified. However, after being 
evaluated by data availability, only 66 indicators met the selection criteria and were 
classified according to domains and categories illustrated in Figure 4.1. Tables 4.4 to 4.7 
presents the final set of selected indicators summarized by the 4 domains of systems. In 
total, there are 66 indicators representing four domains of systems. 58 indicators are 
individual indicators. The remaining 8 is high-level indicators having more than 10 sub-
indicators.  
 
  
Figure 4.1. The final structure of PINE’s national disaster resilience 
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Table 4.5. The final set of indicators used in the People domain 
Indicators Source 
Category: Education 
1. Primary enrolment rate (%) UNESCO 
2. Secondary enrolment rate (%) UNESCO 
3. Tertiary enrolment rate (%) UNESCO 
4. Primary education attainment (% of population age 25+) UNESCO 
5. Secondary education attainment (% of population age 25+) UNESCO 
6. Tertiary education attainment (% of population age 25+) UNESCO 
7. Literacy rate, adult total (% of people ages 15 and above) UNESCO 
8. Quality of education system WEF14 
9. Quality of primary school WEF 
10. Quality of Math & Science WEF 
11. Quality of Management school  WEF 
Category: Livelihood 
12. Life expectancy WHO 
13. Mortality rate: infant (per 1,000 live births) WHO 
14. Stunting and wasting (% in children under 5) WHO 
15. Unhealthy life years (% of life expectancy) WHO 
16. Death under 60 from non-communicable diseases (% of all NCD deaths) WHO 
17. Obesity (% of adults with BMI ≥30) WHO 
18. Survival gender gap WEF 
19. Healthcare quality WEF 
20. Healthcare accessibility WEF 
Category: Employment 
21. Labour force participation rate, (% of total population ages 15-64)  ILO15 
22. Labour force participation rate, (% of total population ages 65 and above) ILO 
23. Unemployment rate (% of total labour force) ILO 
24. Country capacity to attract talent WEF 
25. Country capacity to retain talent WEF 
26. Ease of finding skilled employees WEF 
27. Firm level of technology absorption WEF 
28. Staff training WEF 
29. Training services WEF 
30. Capacity of innovation WEF 
Table 4.6. The final set of indicators used in the Infrastructure domain 
Indicators Source 
Category: National Physical Infrastructure 
31. Access to electricity (% of population) World Bank 
32. Improved water source (% of population with access) WHO 
33. Improved sanitation facilities (% of population with access) WHO 
34. Quality of domestic transport WEF 
35. Hospital beds (per 1,000 people) WHO 
36. Physicians (per 1,000 people) WHO 
37. Mobile users (per 100 people) ITU16 
38. Internet users (per 100 people) ITU 
39. Fixed-telephone subscriptions (per 100 people) ITU 
40. Mobile-telephone subscriptions (per 100 people) ITU 
41. International Internet bandwidth (bit/s) per Internet user ITU 
42. Percentage of households with a computer ITU 
43. Percentage of households with Internet access ITU 
44. Percentage of individuals using the Internet ITU 
45. Fixed (wired)-broadband subscriptions (per 100 people) ITU 
46. Wireless-broadband subscriptions (per 100 people) ITU 
Category: Disaster Management Performance 
47. Hyogo Framework for Action  (22 indicators) UNISDR 
                                                   
14 WEF = World Economic Forum 
15 ILO = International Labour Organization 
16 ITU = International Telecommunication Union 
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Table 4.7. The final set of indicators used in the Nature domain 
Indicators Source 
Category: Ecosystem Vitality 
48. Ecosystem Vitality 
Covering 6 issues:  
1) Climate and energy (3 indicators) 
2) Biodiversity and habitat (4 indicators) 
3) Fisheries (2 indicators) 
4) Forests (1 indicator) 
5) Agriculture (2 indicators) 
6) Water resources (1 indicator) 
Yale University 
Category: Environmental Health 
49. Environmental Health 
Covering 3 issues:  
1) Health impacts (1 indicator) 
2) Air quality (3 indicators) 
3) Water and sanitation (2 indicators) 
Yale University 
Note:  = high-level indicator that contains more than 10 sub-indicators 
 
Table 4.8. The final set of indicators used in the Enabling Environment domain 
Indicators Source 
Category: Socioeconomics 
50. State of cluster development WEF 
51. Business and university R&D collaboration WEF 
52. Social safety net protection WEF 
53. Intellectual property protection an property rights WEF 
54. Social mobility WEF 
55. Age dependency ratio (% of working-age population) World Bank 
56. Gross savings (% of GDP) World Bank 
57. GDP growth World Bank 
58. Personal remittances, received (% of GDP) World Bank 
59. Ease of doing business World Bank 
60. GINI index World Bank 
Category: Governance 
61. Control of Corruption  World Bank 
62. Voice & Accountability World Bank 
63. Political Stability & Absence of Violence/Terrorism World Bank 
64. Government Effectiveness World Bank 
Category: Legislation 
65. Rule of Law World Bank 
66. Regulatory Quality World Bank 
Note:  = high-level indicator that contains more than 10 sub-indicators 
 
4.6. Calculating the national disaster resilience scores 
To calculate the national disaster resilience scores, there are three procedures:  
1) scale adjustment of indicators, 2) normalization of indicators, and 3) aggregation of 
the PINE score. These three procedures are described below. 
 
4.6.1. Scale adjustment of indicators 
A scale adjustment of the selected indicators is the first task in calculating the 
sub-index scores and the total PINE score. From the numerical point of view, it is a 
significant step to do a scale change before performing the mathematical blend of 
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indicators in order to change the indicators to a common scale. Essentially, indicators 
ought to be adjusted to a common dimensional scale; for instance, number of deaths per 
live births. Indicators chosen for this research were adjusted by the size of population. 
The indicators were converted into either percentage or rate (per 1,000), dependant on 
the sort and unit of an indicator. This research chose the rate of per 1,000 on the grounds 
that this scale appeared reasonable as it avoids getting small fractions of numbers. 
 
4.6.2. Normalization of indicators 
Statistical data used to calculate indicators is taken from various sources in a 
variety of measuring units, such as dollars, miles, degrees, hours, and number of people. 
It is crucial to standardize or normalize them before they are combined into a composite 
index. In addition, indicators are normalized in order to avoid having extreme values 
dominate and also minimize the potential issues arisen from data quality. Above all, 
indicators are normalized or standardized to be able to compare them and see their 
distribution. Several methods have been suggested in the literature that can be used to 
standardize or normalize indicators such as Z-score, Minimum-Maximum, and Ranking. 
Each of these methods has its own advantages and disadvantages.  
 
With the goal of this research, Z-score technique was utilized to normalize the 
selected set of indicators. Normalization (or Z-scores) converts indicators to a common 
scale with a mean of zero and standard deviation of one. Indicators with extreme value 
have a greater effect on the composite indicator. This may not be desirable because 
having a few extreme values may yield rewarding results. This effect can also be 
corrected in the aggregation methodology, e.g. by excluding the best and worst individual 
indicator scores from inclusion in the index or by assigning differential weights. However, 
this research uses Z-score which can be calculated by using the formula as follows: 
 
Z-Score = 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒−𝑀𝑒𝑎𝑛 𝑉𝑎𝑙𝑢𝑒
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
 
 
The Z-score technique was used primarily because it is one of the most 
commonly used techniques, which mirrors its strong point in normalizing indicators. 
Additionally, the Z-score technique was favoured over different techniques since it 
converts all indicators to a common scale. In this way, the Z-score figures converted from 
different indicators with different measurement units can be directly compared because 
the Z-score does not express its original measuring unit. One of the key limitations of 
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other techniques, for example Minimum-Maximum, is that the scaling is based on range 
rather than standard deviation. Subsequently, extreme values can still have an effect on 
the overall index, and, hence, distort the results. 
 
4.6.3. Aggregation of the PINE score 
Aggregating data is highly of subjectivity. Keeping in mind that the goal is to 
deliver a single, one-dimensional ranking, all statistical data must be blended into small 
sets of indices. A commonly accepted technique on how to data aggregation should be 
conducted does not exist. Assigning a relative weight to aggregate indicators is highly 
subjective, unless weights are defined through a sophisticated analysis. Nonetheless, if 
weighting takes place at multiple levels, for instance in creating indicators and then a 
final index, the final result will be significantly distorted, potentially leading the reader 
to misinterpret the data (Jollands, Lermit, & Patterson, 2003; Simpson, 2006). 
 
In this research two mathematical aggregation methods were used: The average 
method (AM) (based on equally weighted indicators) and the weight method (WM) (based 
on the number of indicators), see Figures 4.2 and 4.3. 
 
Figure 4.2. The Average Method (AM) 
Category (number of indicators) Weight Domain Weight  
Education (11 indicators) 33% People  
(30 indicators) 25% 
PINE score of 
National 
Disaster 
Resilience 
Livelihood (9 indicators) 33% 
Employment (10 indicators) 33% 
National Physical Infrastructure 
(16 indicators) 
50% Infrastructure  
(38 indicators) 25% 
Disaster Management 
Performance (22 indicators) 
50% 
Ecosystem Vitality (13 indicators) 50% Nature 
(19 indicators) 25% Environmental Health (6 
indicators) 
50% 
Socioeconomics (11 indicators) 33% Enabling Environment 
(71 indicators) 
25% 
Governance  
(4 high-level indicators) 
33% 
Legislation  
(2 high-level indicators) 
33% 
Note:  = High-level indicator   
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Figure 4.3. The Weight Method (WM) 
Category (number of indicators) Weight Domain Weight  
Education (11 indicators) 36% People  
(30 indicators) 19% 
PINE score of 
National 
Disaster 
Resilience 
Livelihood (9 indicators) 31% 
Employment (10 indicators) 33% 
National Physical Infrastructure 
(16 indicators) 
42% Infrastructure 
(38 indicators) 
24% 
Disaster Management 
Performance (22 indicators) 
58% 
Ecosystem Vitality (13 indicators) 68% Nature 
(19 indicators) 12% Environmental Health (6 
indicators) 
32% 
Socioeconomics (11 indicators) 16% Enabling Environment 
(71 indicators) 
45% 
Governance  
(4 high-level indicators) 
56% 
Legislation  
(2 high-level indicators) 
28% 
Note:  = High-level indicator. For the weight calculation purpose, a high-level indicator equals 10 indicators. 
 
In order to determine which method is appropriate for this research, correlation 
analysis (r2) was conducted to examine the degree to which the score is correlated with 
the external criteria and others scores from reliable sources. Here, vulnerability score of 
two sources are utilized – Index for Risk Management (INFORM) and World Risk Index 
(WRI) – based on the assumption that a resilient country is likely to have low level of 
vulnerability.  
 
  The results of these two methods appeared to be similar but not identical (see 
Annex 4 for the result comparison). The average method seemed to yield better results 
than the weight method; therefore, was used to calculate the sub-index and overall scores. 
Essentially, there are reasons that make the average method more relevant to use than 
the weight method: 
1. The correlation analysis revealed that the average method has stronger 
correlation with the external criteria than the weight method from both sources. 
Validity Items 
 Pearson’s Correlation Coefficient Squared (r2) 
PINE-Average Method PINE-Weight Method 
Vulnerability (WRI) 0.885 0.827 
Vulnerability (INFORM) 0.629 0.589 
2. The average method assumes equal weights among underlying indicators. This 
seems reasonable because there is no theoretical reason to suggest that any of 
the domains is more important than the others. 
3. The average method implies that all indicators are conceived as equally 
important in contributing to the generation of national disaster resilience. 
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4. The average method does not rule out the fact that not all factors are equal, 
and the need to develop a defensible weighting scheme is important. However, 
determining those relative weights is highly challenging. 
5. Section 4.7.2. further compares the two methods in the correlation analysis 
using nine external factors including vulnerability. The result also points 
that the average method yield stronger correlations.  
 
4.7. Validation of the index 
The key objective of this section is to validate the PINE as a measurement 
structure of national disaster resilience. A measurement structure is valid if it achieves 
to measure what it is designed to measure and vice versa. (Babbie et al., 2003; Carmines 
and Zeller, 1979). There are many examples of validation which entail different methods 
and means to assess whether a measurement is valid or not. However, it is necessary to 
take note that in some areas validation methods are rather well-designed, in other areas 
such as social science, including the concept of resilience, that are still very much 
subjected to interpretations, the methods are not quite systematic or well-defined. With 
no particular focus on the areas, to a certain extent, the literature on index and 
measurement has pointed out that validation of an index is a multiplex procedure 
(Cutter and Finch, 2008; Vincent, 2004). The main reason for this difficulty comes mainly 
from the data availability. The empirical information significant to the validation 
purposes is not available or easily attained, or may require costly in-depth field surveys. 
 
The validation of the PINE measurement as a national disaster resilience 
measurement was done by utilizing the content and construct validation methods. 
Content validation is mainly concerned with the question whether a measurement 
discusses the different elements, components or the domain with the theoretical 
framework that it has developed for. While, in general, construct validity is the degree 
to which a measurement relates to external variables within the close theoretical 
framework (Babbie, 2005; Carmines and Zeller, 1979). It is often based on the extent to 
which empirical results are consistent with logically or theoretically anticipated 
relationships among variables (Babbie, 2005). In other words, it simply comes to the 
question that ‘do we see the correlations or relationship pattern (negative or positive) 
among the measurements of concepts anticipated by the literature. Furthermore, 
construct validation can be expanded by investigating the ability of the PINE scores to 
forecast potential expected disaster outcomes (deaths, losses, etc.) in order to determine 
its ability to account for these outcomes after controlling for other related measurement. 
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4.7.1. Content validation 
Content validation is at times referred to the actual content of a measurement 
(Carmines and Zeller, 1979; Trochim, 2006), which, to the simplest end, means whether 
or not the measurement appear to capture the theoretical concept. Babbie (2005) has 
defined content validation as the extent to which a measurement covers the scope of 
meanings included within the concept. This element of content validation is sometimes 
referred to as sampling validation. In that the salient point is if the measurement 
addresses the conceptual or theoretical "sampling space" or the domain associated with 
the concept. For example, if a concept is intended to capture three dimensions of 
theoretical area, x, y, and z, then a measurement should also discuss x, y, and z, 
otherwise it does not achieve with respect to the sampling validation. Generally, content 
validation is evaluated by using a group of expert-raters to assess the different elements 
proposed to be used to measure a concept to determine whether the selected elements 
does indeed address the domain associated with the theoretical concept. Unfortunately, 
an expert-rating approach couldn't be utilized here because of limited resources and time. 
Ideally, as Babbie (2005) points out, content validation should be a guiding principle in 
the initial development of a measurement to make sure that all domains of the idea to 
be measured are incorporated into the measurement. Indeed, content validation has 
been utilized and has given directions to the development of the PINE measurement 
structure from the beginning, in the form of framework for indicator selection (Table 4.1).  
 
Hence, the decision was made to make sure that the PINE measurement fully 
evaluates and discusses systems and indicators that are significant for undertaking 
activities associated with all three resilience capacities: absorptive coping capacity, 
adaptive capacity, and transformative capacity. In other words, the PINE measurement 
aims to put together the extensive range of elements and indicators related to national 
disaster resilience. In addition, the reason why this research uses the indicator selection 
framework was to make sure that indicators associated with all three resilience 
capacities and four domains of systems were chosen to be included in the measurement. 
 
4.7.2. Construct validation 
Construct validity is the extent to which a measurement relates to other 
variables as expected within a system of theoretical relationships (Babbie, 2005; 
Carmines and Zeller, 1979). It is often based on the degree to which the results are 
predictable with sensible or hypothetical connections to external variables (Babbie, 
2005). In other words, the important part of this validation is the correlation pattern 
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between the outcome and the external factor of the close concepts. The key question is 
‘Do we see the relationship pattern (negative or positive correlations) between the 
measurement and the external variables within a close or same concept?’ In particular, 
this validation aims at examining the ability to predict expected outcomes (e.g., death 
and losses) in order to determine its ability to account for these outcomes after 
controlling for other related variables.  
 
Here, construct validation was assessed and evaluated by examining a 
relationship between the PINE scores and the following theoretically relevant 
measurement: 1) Vulnerability, 2) Disaster Risk, 3) Lack of coping capacity, 4) Number 
of death: This is the number of people who lost their life because the disaster event 
happened, and 5) Estimated Damage: This is the amount of damage to property, crops, 
and livestock, given in US$ (‘000), and corresponding to the damage value at the moment 
of the event. 
 
1) to 3) are elements taken from the 2 reliable index sources, namely, Index for 
Risk Management (INFORM), and Work Risk Index (WRI). 4) and 5) are 10-year 
averaged statistics collected from EM-DAT from 2004-2014. The theoretical expectations 
of the relationship between the external criteria and the PINE scores were as follows: 
 A disaster resilient country is more likely to have a low level of vulnerability. 
Several studies have pointed out that the concept of social vulnerability and 
disaster resilience have negative relationship (Buckle et al., 2001; Pelling, 2003). 
This expectation comes from disaster resilience activities that are more likely 
to reduce vulnerability, for example, hazard mitigation policies, early warning 
systems.  
 A disaster resilient country is more likely to have a low level of disaster risk. 
Here, disaster risk means as shown in this pseudo-equation:  
   Disaster Risk = 𝑓 (
𝐻𝑎𝑧𝑎𝑟𝑑   𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦
𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒 (𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑒𝑠)
) 
This expectation is based on that resilience is capacities of a countries, which 
can reduce disaster risk. Therefore, there will be a negative relationship 
between PINE measurement and disaster risk. 
 Based on the same thinking of disaster risk, a disaster resilient country is more 
likely to have a low level of ‘lack of coping capacity’. Therefore, there will be a 
negative relationship between PINE measurement and ‘lack of coping capacity. 
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 A disaster resilient country is more likely to experience a low number of death. 
In other words, there should be a negative relationship between PINE 
measurement and number of disaster-related deaths. This is expected because 
disaster resilient countries should be more likely to have effective hazards 
mitigation, disaster preparedness, and disaster response plans, which should 
result in lower disaster-related deaths.  
 Disaster resilient countries are more likely to suffer from lower levels of damage 
(% of GDP) due to disaster than less disaster resilient countries. There should 
be a negative relationship between PINE measurement and estimated damage. 
This is based on the fact that disaster resilient countries are more likely to take 
protective measures to reduce disaster damage. 
 
To assess the validity, correlational analysis is used. A Pearson’s product-
moment correlation (correlation of zero-order) analysis was conducted to examine the 
degree to which the PINE measurement is correlated with the external criteria described 
above. The primary focus of this analysis is on the correlations between the PINE-
Averaging Method (PINE-AM) and the external criteria; however the PINE-Weighting 
Method (PINE-WM) score is also included for comparison purpose. Table 4.9 and Figures 
4.4 presents the results of correlations between the PINE scores and external criteria. 
 
Table 4.9. Bivariate correlations between external criteria and PINE scores 
Validity Items 
PINE-AM PINE-WM 
PCC r2 PCC r2 
1. Disaster risk (WRI) -0.472 0.223 -0.446 0.199 
2. Disaster risk (INFORM) -0.796 0.634 -0.809 0.654 
3. Vulnerability (WRI) -0.941 0.885 -0.909 0.827 
4. Vulnerability (INFORM) -0.793 0.629 -0.768 0.589 
5. Lack of coping capacity (WRI) -0.932 0.868 -0.933 0.871 
6. Lack of adaptive capacity (WRI) -0.925 0.855 -0.887 0.787 
7. Lack of coping capacity (INFORM) -0.934 0.873 -0.930 0.865 
8. Number of Death -0.341 0.116 -0.304 0.093 
9. Estimated damage (% of GDP) -0.217 0.047 -0.209 0.044 
Note: PCC = Pearson’s correlation coefficients, r2 = Pearson’s correlation coefficients squared 
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Figures 4.4 Comparison of PINE resilience score 2014 and external criteria  
 
  
 
 
 
(a)  (b) 
(c)  (d) 
 (e)  (f) 
 (g)  (h) 
(i)  (j) 
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Consistent to the theoretical expectations, the outcomes show that all the 
external criteria inspected have statistically significant correlations with the overall 
PINE measurement. The patterns of the correlations for the PINE measurement 
performed as predicted, although there are some variations with regard to the strength 
of the correlation. On the whole, the significant statistical relationship suggests that the 
PINE measurement is indeed a valid measurement. The following findings are observed 
and can be summarized from this chapter’s exercise.  
 (k)  (l) 
 (m)  (n) 
 (o)  (p) 
 (q) (r) 
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 There is a negative correlation between the national disaster resilience score 
and vulnerability. This result suggests that countries that have high disaster 
resilience have low social vulnerability.  
 There is a negative correlation between the national disaster resilience score 
and risk. This result is based on the school of thought that expands risk to 
include the element of capacities or resilience. Therefore, it suggests that 
countries that have high disaster resilience have low disaster risk. This 
correlation has been strengthened by the positive correlations between (1) 
national disaster resilience and coping capacity, and (2) national disaster 
resilience and adaptive capacity. These two capacities are two of the three 
resilience capacities. Where there is high coping and adaptive capacities, its 
disaster resilience is high. 
 Despite the mild correlation, national disaster resilience has a negative 
correlation with the number of death and damage caused be disasters. This 
implies that disaster resilient countries are more likely to have effective 
disaster risk management. Therefore, it suggests that countries that has high 
disaster resilience has a low level of death and damage caused by disasters. 
 
4.8. Study region and unit of analysis 
The study region of this dissertation is global - countries of the world. This 
research uses the 193 UN members to represent the number of countries in the world. 
However, one of the critical elements of this research is the issue of data availability. 
There is no data for every countries, thus the number of countries for this research was 
adjusted to 123 countries alphabetically listed below. 
 
1. Albania 
2. Algeria 
3. Argentina 
4. Armenia 
5. Australia 
6. Austria 
7. Azerbaijan 
8. Bangladesh 
9. Barbados 
10. Belgium 
11. Bhutan 
12. Bolivia 
13. Botswana 
14. Brazil 
15. Bulgaria 
16. Burkina Faso 
17. Burundi 
18. Cambodia 
19. Cameroon 
20. Canada 
21. Chad 
22. Chile 
23. China 
24. Colombia 
25. Costa Rica 
26. Côte d'Ivoire 
27. Croatia 
28. Cyprus 
29. Czech Republic 
30. Denmark 
31. Dominican Republic 
32. Egypt 
33. El Salvador 
34. Estonia 
35. Ethiopia 
36. Finland 
37. France 
38. Germany 
39. Ghana 
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40. Greece 
41. Guatemala 
42. Guinea 
43. Guyana 
44. Honduras 
45. Hungary 
46. Iceland 
47. India 
48. Indonesia 
49. Iran 
50. Ireland 
51. Israel 
52. Italy 
53. Jamaica 
54. Japan 
55. Jordan 
56. Kazakhstan 
57. Kenya 
58. Republic of Korea  
59. Kuwait 
60. Kyrgyzstan 
61. Lao PDR 
62. Latvia 
63. Lithuania 
64. Luxembourg 
65. Macedonia FYR 
66. Madagascar 
67. Malawi 
68. Malaysia 
69. Mali 
70. Malta 
71. Mauritania 
72. Mauritius 
73. Mexico 
74. Moldova Republic of 
75. Mongolia 
76. Morocco 
77. Mozambique 
78. Myanmar 
79. Namibia 
80. Nepal 
81. Netherlands 
82. New Zealand 
83. Nicaragua 
84. Nigeria 
85. Norway 
86. Pakistan 
87. Panama 
88. Paraguay 
89. Peru 
90. Philippines 
91. Poland 
92. Portugal 
93. Qatar 
94. Romania 
95. Russian Federation 
96. Rwanda 
97. Saudi Arabia 
98. Senegal 
99. Serbia 
100. Singapore 
101. Slovakia 
102. Slovenia 
103. South Africa 
104. Spain 
105. Sri Lanka 
106. Sweden 
107. Switzerland 
108. Tajikistan 
109. Tanzania 
110. Thailand 
111. Trinidad and Tobago 
112. Tunisia 
113. Turkey 
114. Uganda 
115. Ukraine 
116. United Arab Emirates 
117. United Kingdom 
118. United States of America 
119. Uruguay 
120. Venezuela 
121. Viet Nam 
122. Yemen 
123. Zambia 
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CHAPTER 5 
ASSESSING GLOBAL DISASTER RESILIENCE 
AND SPATIAL ANALYSIS 
 
5.1. Introduction 
The main purpose of the Chapter 5 is to assess national disaster resilience in 
the form of PINE scores with the goal of identifying which countries are comparatively 
more or less resilient in the world. The demonstration brings about two advantages: (1) 
information about the relative national disaster resilience of a country, as well as (2) 
confidence in the validity and usage of the PINE scores and the framework for national 
disaster resilience. Throughout the chapter, an emphasis is put on the national disaster 
resilience scores calculated by the average-method (PINE-AM). 
 
5.2. PINE disaster resilience scores 
5.2.1. PINE Scores by country 
This section discusses the results of PINE disaster resilience scores in the study 
region. Reminding that in the aggregation of the PINE score, standardized scores or z-
scores were used. Therefore, the scores are centred, having a mean of zero and positive 
scores indicate rankings above the mean and negative scores indicate rankings below 
the mean. Table 5.1 shows the 2014 PINE national disaster resilience score, trend, and 
the scores of the four domains, arranged in an alphabetical order. The following colour 
schemes are assigned to indicate the level of performance in each sections. 
PINE (-1.49) to (-0.38) (-0.37) to 0.07 0.08 to 0.71 0.73 to 1.69 
 
PINE 3 year trend  Increasing resilience  Stable resilience  Decreasing resilience 
 
Table 5.1. The 2014 PINE score, and its trend 
Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
Albania 64 0.06  
Algeria 104 -0.72  
Argentina 58 0.08  
Armenia 45 0.31  
Australia 5 1.31  
Austria 11 1.15  
Azerbaijan 67 0.03  
Bangladesh 105 -0.72  
Barbados 50 0.21  
Belgium 21 0.89  
Bhutan 80 -0.21  
Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
Bolivia 83 -0.27  
Botswana 89 -0.37  
Brazil 77 -0.16  
Bulgaria 41 0.49  
Burkina Faso 111 -0.89  
Burundi 119 -1.17  
Cambodia 100 -0.69  
Cameroon 98 -0.62  
Canada 19 0.93  
Chad 123 -1.49  
Chile 38 0.60  
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Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
China 70 -0.01  
Colombia 71 -0.03  
Costa Rica 39 0.51  
Côte d'Ivoire 112 -0.90  
Croatia 42 0.48  
Cyprus 37 0.66  
Czech Republic 17 0.97  
Denmark 12 1.11  
Dominican 
Republic 
72 -0.03  
Egypt 78 -0.16  
El Salvador 75 -0.13  
Estonia 16 0.98  
Ethiopia 114 -0.98  
Finland 2 1.40  
France 20 0.90  
Germany 23 0.87  
Ghana 90 -0.37  
Greece 31 0.71  
Guatemala 85 -0.34  
Guinea 117 -1.08  
Guyana 91 -0.38  
Honduras 94 -0.49  
Hungary 35 0.67  
Iceland 15 1.01  
India 97 -0.53  
Indonesia 74 -0.07  
Iran 84 -0.33  
Ireland 14 1.03  
Israel 32 0.69  
Italy 28 0.78  
Jamaica 66 0.04  
Japan 9 1.17  
Jordan 56 0.10  
Kazakhstan 51 0.18  
Kenya 107 -0.73  
Korea (Republic) 22 0.89  
Kuwait 60 0.07  
Kyrgyzstan 79 -0.20  
Lao PDR 106 -0.72  
Latvia 33 0.68  
Lithuania 36 0.67  
Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
Luxembourg 3 1.35  
Macedonia FYR 54 0.12  
Madagascar 115 -1.05  
Malawi 108 -0.76  
Malaysia 52 0.16  
Mali 120 -1.29  
Malta 25 0.85  
Mauritania 121 -1.34  
Mauritius 61 0.07  
Mexico 68 0.03  
Moldova 
(Republic) 
65 0.06  
Mongolia 82 -0.26  
Morocco 93 -0.46  
Mozambique 102 -0.70  
Myanmar 118 -1.10  
Namibia 88 -0.36  
Nepal 110 -0.80  
Netherlands 7 1.26  
New Zealand 10 1.17  
Nicaragua 86 -0.35  
Nigeria 116 -1.07  
Norway 4 1.32  
Pakistan 109 -0.77  
Panama 48 0.23  
Paraguay 76 -0.15  
Peru 73 -0.03  
Philippines 59 0.08  
Poland 29 0.75  
Portugal 24 0.87  
Qatar 40 0.51  
Romania 46 0.28  
Russian 
Federation 
49 0.22  
Rwanda 103 -0.71  
Saudi Arabia 53 0.15  
Senegal 101 -0.69  
Serbia 43 0.43  
Singapore 6 1.30  
Slovakia 30 0.73  
Slovenia 18 0.95  
South Africa 62 0.07  
Spain 26 0.80  
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Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
Sri Lanka 55 0.11  
Sweden 8 1.25  
Switzerland 1 1.69  
Tajikistan 96 -0.52  
Tanzania 113 -0.91  
Thailand 69 0.03  
Trinidad and 
Tobago 
57 0.09  
Tunisia 87 -0.35  
Turkey 47 0.25  
Uganda 99 -0.62  
Country Rank 
PINE 
Score 
PINE 
3 yr. Trend 
Ukraine 63 0.07  
United Arab 
Emirates 
34 0.68  
United Kingdom 13 1.08  
United States of 
America 
27 0.80  
Uruguay 44 0.36  
Venezuela 92 -0.38  
Viet Nam 81 -0.24  
Yemen 122 -1.42  
Zambia 95 -0.50  
Table 5.2 Countries grouped according to levels of disaster resilience 
HIGH DISASTER RESILIENCE 
Australia, Austria, Belgium, Canada, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, 
Iceland, Ireland, Italy, Japan, Republic of Korea, 
Luxembourg, Malta, Netherlands, New Zealand, 
Norway, Poland, Portugal, Singapore, Slovakia, 
Slovenia, Spain, Sweden, Switzerland, United 
Kingdom, United States of America 
MEDIUM DISASTER RESILIENCE 
Argentina, Armenia, Barbados, Bulgaria, Chile, Costa 
Rica, Croatia, Cyprus, Greece, Hungary, Israel, 
Jordan, Kazakhstan, Latvia, Lithuania, Macedonia 
FYR, Malaysia, Panama, Philippines, Qatar, 
Romania, Russian Federation, Saudi Arabia, Serbia, 
Sri Lanka, Trinidad and Tobago, Turkey, United Arab 
Emirates, Uruguay 
LOW DISASTER RESILIENCE 
Albania, Azerbaijan, Bhutan, Bolivia, Botswana, 
Brazil, China, Colombia, Dominican Republic, Egypt, 
El Salvador, Ghana, Guatemala, Indonesia, Iran, 
Jamaica, Kuwait, Kyrgyzstan, Mauritius, Mexico, 
Republic of Moldova, Mongolia, Namibia, Nicaragua, 
Paraguay, Peru, South Africa, Thailand, Tunisia, 
Ukraine, Viet Nam 
VERY LOW DISASTER RESILIENCE 
Algeria, Bangladesh, Burkina Faso, Burundi, 
Cambodia, Cameroon, Chad, Côte d'Ivoire, Ethiopia, 
Guinea, Guyana, Honduras, India, Kenya, Lao PDR, 
Madagascar, Malawi, Mali, Mauritania, Morocco, 
Mozambique, Myanmar, Nepal, Nigeria, Pakistan, 
Rwanda, Senegal, Tajikistan, Tanzania, Uganda, 
Venezuela, Yemen, Zambia 
Note : Countries are listed in an alphabetical order. 
 
5.2.2. PINE Scores in Rank  
Before leaving the overall national disaster resilience scores, it might be 
illustrative to examine in more details the scores among 123 countries. Tables 5.3 
presents the top 15 and bottom 15 countries of the 2014 PINE national disaster resilience. 
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Table 5.3. The list of Top and Bottom 15 of the 2014 PINE score 
TOP 15  BOTTOM 15 
Rank Country PINE Trend  Rank Country PINE Trend 
1 Switzerland 1.69   109 Pakistan -0.77  
2 Finland 1.40   110 Nepal -0.80  
3 Luxembourg 1.35   111 Burkina Faso -0.89  
4 Norway 1.32   112 Côte d'Ivoire -0.90  
5 Australia 1.31   113 Tanzania -0.91  
6 Singapore 1.30   114 Ethiopia -0.98  
7 Netherlands 1.26   115 Madagascar -1.05  
8 Sweden 1.25   116 Nigeria -1.07  
9 New Zealand 1.17   117 Guinea -1.08  
10 Japan 1.17   118 Myanmar -1.10  
11 Austria 1.15   119 Burundi -1.17  
12 Denmark 1.11   120 Mali -1.29  
13 United Kingdom 1.08   121 Mauritania -1.34  
14 Ireland 1.03   122 Yemen -1.42  
15 Iceland 1.01   123 Chad -1.49  
 
5.2.3. PINE Scores by each domain 
 This section presents the scores of each of the four domains: people (P), 
infrastructure (I), nature (N), and enabling environments (E), shown in Table 5.4. In 
Tables 5.5 to 5.8, a list of Top and Bottom 15 of each of the four domains is illustrated. 
The following colour schemes are assigned to indicate the level of performance in each 
sections. 
People (-2.49) to (-0.64) (-0.63) to 0.08 0.09 to 0.90 0.91 to 1.76 
Infrastructure (-1.62) to (-0.37) (-0.36) to 0.19 0.20 to 0.49 0.50 to 1.46 
Nature (-1.96) to (-0.60) (-0.59) to 0.16 0.17 to 1.02 1.03 to 2.25 
Enabling Environment (-1.49) to (-0.36) (-0.35) to (-0.04) (-0.03) to 0.45 0.46 to 1.85 
 Very Low Low Medium High 
 
Table 5.4 2014 Scores of Each of the Four Domain 
Country P I N E 
Albania 0.00 0.15 0.25 -0.16 
Algeria -1.42 -0.52 -0.04 -0.89 
Argentina 0.36 0.46 -0.07 -0.42 
Armenia 0.50 0.21 0.67 -0.16 
Australia 1.23 1.15 1.93 0.94 
Austria 1.31 0.80 1.68 0.83 
Azerbaijan 0.04 0.19 0.29 -0.39 
Bangladesh -0.90 -0.14 -1.52 -0.31 
Barbados -0.20 0.41 -0.31 0.95 
Belgium 1.32 0.52 0.97 0.76 
Country P I N E 
Bhutan -0.57 -0.23 -0.23 0.18 
Bolivia -0.07 -0.71 -0.01 -0.30 
Botswana -0.60 -1.16 -0.19 0.48 
Brazil -0.24 -0.41 0.14 -0.14 
Bulgaria 0.53 0.60 0.81 0.03 
Burkina 
Faso 
-1.69 -0.75 -0.62 -0.50 
Burundi -1.92 -0.71 -1.51 -0.53 
Cambodia -0.81 -0.57 -0.93 -0.47 
Cameroon -0.61 -0.53 -0.85 -0.50 
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Country P I N E 
Canada 1.48 -0.04 1.36 0.93 
Chad -2.46 -1.02 -1.19 -1.27 
Chile 0.44 0.15 1.17 0.65 
China 0.03 0.56 -0.47 -0.15 
Colombia 0.04 0.08 0.01 -0.25 
Costa Rica 0.24 1.06 0.48 0.27 
Côte d'Ivoire -1.71 -0.59 -0.67 -0.65 
Croatia 0.77 0.32 0.70 0.11 
Cyprus 0.96 0.36 0.94 0.40 
Czech 
Republic 
0.98 0.60 1.87 0.44 
Denmark 1.44 0.43 1.59 0.98 
Dominican 
Republic 
-0.41 0.21 0.16 -0.08 
Egypt -0.55 0.15 0.63 -0.86 
El Salvador -0.03 -0.06 -0.42 -0.03 
Estonia 1.20 0.52 1.46 0.75 
Ethiopia -1.60 -0.87 -0.68 -0.77 
Finland 1.76 1.33 1.52 1.00 
France 1.22 0.55 1.24 0.61 
Germany 1.07 -0.30 1.81 0.89 
Ghana -0.43 0.06 -1.13 0.04 
Greece 0.62 0.83 1.37 0.01 
Guatemala -0.55 -0.24 -0.16 -0.41 
Guinea -1.78 -0.24 -1.38 -0.94 
Guyana -0.28 -0.06 -0.77 -0.40 
Honduras -0.78 -0.73 -0.11 -0.35 
Hungary 0.82 0.40 1.19 0.29 
Iceland 1.10 0.64 1.57 0.73 
India -0.90 -0.01 -1.18 -0.03 
Indonesia -0.02 0.22 -0.38 -0.11 
Iran -0.37 0.10 0.02 -1.06 
Ireland 1.27 0.48 1.46 0.92 
Israel 0.93 0.49 0.92 0.42 
Italy 0.78 0.80 1.44 0.10 
Jamaica -0.11 0.04 0.46 -0.21 
Japan 1.47 1.07 1.32 0.81 
Jordan -0.15 0.16 0.31 0.06 
Kazakhstan 0.70 0.21 0.02 -0.23 
Kenya -0.91 -0.66 -0.83 -0.53 
Korea 
(Republic) 
0.91 1.46 0.80 0.41 
Kuwait -0.74 0.38 0.81 -0.16 
Kyrgyzstan 0.44 -0.30 -0.61 -0.32 
Country P I N E 
Lao PDR -1.04 -0.87 -0.63 -0.35 
Latvia 1.06 0.42 0.81 0.45 
Lithuania 1.15 0.38 0.64 0.50 
Luxembourg 1.10 0.59 1.98 1.72 
Macedonia 
FYR 
0.20 0.29 -0.02 0.00 
Madagascar -1.03 -0.96 -1.46 -0.76 
Malawi -1.29 -0.66 -0.65 -0.43 
Malaysia 0.29 -0.47 0.52 0.29 
Mali -1.76 -0.68 -1.96 -0.77 
Malta 0.81 0.48 1.02 1.10 
Mauritania -2.35 -0.77 -1.43 -0.81 
Mauritius -0.05 -0.46 0.45 0.33 
Mexico 0.13 0.00 0.26 -0.27 
Moldova 
(Republic) 
-0.03 0.17 0.16 -0.07 
Mongolia 0.34 -0.91 -0.37 -0.09 
Morocco -0.77 -0.97 0.07 -0.17 
Mozambique -1.24 -0.10 -1.26 -0.20 
Myanmar -1.34 -0.44 -1.41 -1.22 
Namibia -0.76 -0.37 -0.42 0.10 
Nepal -1.07 -1.27 -0.83 -0.01 
Netherlands 1.43 0.95 1.64 1.01 
New 
Zealand 
1.38 0.68 1.56 1.07 
Nicaragua -0.61 -0.23 -0.02 -0.53 
Nigeria -1.86 -0.59 -0.70 -1.13 
Norway 1.57 1.03 1.66 1.03 
Pakistan -1.37 -0.21 -0.98 -0.54 
Panama 0.36 0.07 0.37 0.13 
Paraguay -0.14 0.62 -0.69 -0.38 
Peru 0.09 0.27 -0.34 -0.15 
Philippines 0.38 0.30 -0.40 0.04 
Poland 0.93 0.04 1.14 0.89 
Portugal 0.69 0.81 1.53 0.45 
Qatar 0.18 0.44 0.75 0.65 
Romania 0.64 0.26 -0.01 0.23 
Russian 
Federation 
0.98 0.32 0.17 -0.58 
Rwanda -1.23 -0.73 -0.93 0.05 
Saudi 
Arabia 
-0.55 0.36 0.97 -0.17 
Senegal -1.33 -0.72 -0.60 -0.11 
Serbia 0.36 0.35 1.12 -0.11 
Singapore 1.04 0.56 1.89 1.71 
Slovakia 0.78 0.40 1.44 0.30 
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Country P I N E 
Slovenia 1.21 0.67 1.56 0.38 
South Africa -0.63 0.80 0.17 -0.07 
Spain 0.58 0.55 1.77 0.31 
Sri Lanka 0.10 0.16 0.19 -0.02 
Sweden 1.47 0.79 1.66 1.05 
Switzerland 1.55 1.11 2.25 1.85 
Tajikistan 0.01 0.07 -1.17 -0.98 
Tanzania -1.00 -1.62 -0.88 -0.16 
Thailand 0.15 0.13 0.13 -0.28 
Trinidad 
and Tobago 
-0.01 0.21 0.10 0.07 
Tunisia -0.84 -0.81 0.50 -0.26 
Turkey -0.01 0.97 0.26 -0.21 
Country P I N E 
Uganda -0.93 -0.71 -0.70 -0.15 
Ukraine 0.85 0.21 -0.10 -0.70 
United Arab 
Emirates 
0.21 0.44 1.35 0.73 
United 
Kingdom 
1.12 0.66 1.62 0.93 
United 
States of 
America 
1.18 0.38 1.02 0.62 
Uruguay 0.38 0.43 0.18 0.45 
Venezuela -0.63 0.15 0.43 -1.49 
Viet Nam 0.12 0.16 -0.76 -0.46 
Yemen -2.49 -0.58 -1.25 -1.36 
Zambia -0.44 -0.70 -0.54 -0.29 
Table 5.5 The list of Top and Bottom 25 of the People domain 
TOP 15  BOTTOM 15 
Rank Country Score  Rank Country PINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Finland 
Norway 
Switzerland 
Canada 
Japan 
Sweden 
Denmark 
Netherlands 
New Zealand 
Belgium 
Austria 
Ireland 
Australia 
France 
Slovenia 
1.76 
1.57 
1.55 
1.48 
1.47 
1.47 
1.44 
1.43 
1.38 
1.32 
1.31 
1.27 
1.23 
1.22 
1.21 
 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
Malawi 
Senegal 
Myanmar 
Pakistan 
Algeria 
Ethiopia 
Burkina Faso 
Côte d'Ivoire 
Mali 
Guinea 
Nigeria 
Burundi 
Mauritania 
Chad 
Yemen 
-1.29 
-1.33 
-1.34 
-1.37 
-1.42 
-1.60 
-1.69 
-1.71 
-1.76 
-1.78 
-1.86 
-1.92 
-2.35 
-2.46 
-2.49 
 
Table 5.6 The list of Top and Bottom 25 of the Infrastructure domain 
TOP 15  BOTTOM 15 
Rank Country Score  Rank Country PINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Republic of Korea  
Finland 
Australia 
Switzerland 
Japan 
Costa Rica 
Norway 
Turkey 
Netherlands 
Greece 
Portugal 
South Africa 
Austria 
Italy 
Sweden 
1.46 
1.33 
1.15 
1.11 
1.07 
1.06 
1.03 
0.97 
0.95 
0.83 
0.81 
0.80 
0.80 
0.80 
0.79 
 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
Senegal 
Honduras 
Rwanda 
Burkina Faso 
Mauritania 
Tunisia 
Lao PDR 
Ethiopia 
Mongolia 
Madagascar 
Morocco 
Chad 
Botswana 
Nepal 
Tanzania 
-0.72 
-0.73 
-0.73 
-0.75 
-0.77 
-0.81 
-0.87 
-0.87 
-0.91 
-0.96 
-0.97 
-1.02 
-1.16 
-1.27 
-1.62 
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Table 5.7 The list of Top and Bottom 25 of the Nature domain 
TOP 15  BOTTOM 15 
Rank Country Score  Rank Country PINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Switzerland 
Luxembourg 
Australia 
Singapore 
Czech Republic 
Germany 
Spain 
Austria 
Sweden 
Norway 
Netherlands 
United Kingdom 
Denmark 
Iceland 
Slovenia 
2.25 
1.98 
1.93 
1.89 
1.87 
1.81 
1.77 
1.68 
1.66 
1.66 
1.64 
1.62 
1.59 
1.57 
1.56 
 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
Rwanda 
Pakistan 
Ghana 
Tajikistan 
India 
Chad 
Yemen 
Mozambique 
Guinea 
Myanmar 
Mauritania 
Madagascar 
Burundi 
Bangladesh 
Mali 
-0.93 
-0.98 
-1.13 
-1.17 
-1.18 
-1.19 
-1.25 
-1.26 
-1.38 
-1.41 
-1.43 
-1.46 
-1.51 
-1.52 
-1.96 
 
Table 5.8. The list of Top and Bottom 25 of the Enabling Environment domain 
TOP 15  BOTTOM 15 
Rank Country Score  Rank Country PINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Switzerland 
Luxembourg 
Singapore 
Malta 
New Zealand 
Sweden 
Norway 
Netherlands 
Finland 
Denmark 
Barbados 
Australia 
United Kingdom 
Canada 
Ireland 
1.85 
1.72 
1.71 
1.10 
1.07 
1.05 
1.03 
1.01 
1.00 
0.98 
0.95 
0.94 
0.93 
0.93 
0.92 
 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
Ukraine 
Madagascar 
Mali 
Ethiopia 
Mauritania 
Egypt 
Algeria 
Guinea 
Tajikistan 
Iran 
Nigeria 
Myanmar 
Chad 
Yemen 
Venezuela 
-0.70 
-0.76 
-0.77 
-0.77 
-0.81 
-0.86 
-0.89 
-0.94 
-0.98 
-1.06 
-1.13 
-1.22 
-1.27 
-1.36 
-1.49 
 
5.2.4. PINE scores by continent 
 This research utilizes the categorization of countries into five continents 
according to the United Nations geo-scheme, which is a system categorizing the countries 
of the world into macro-geographical groups for statistical purposes. The five continents 
include Africa, Americas, Asia, Europe, and Oceania detailed in Table 5.9. 
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Table 5.9 World’s Geographical Regions according to the UN 
Africa 
North Africa  
Sub-Saharan Africa 
Western Africa 
Middle Africa 
Southern Africa 
Eastern Africa 
Americas 
Latin America and the Caribbean 
Caribbean 
Central America 
South America 
North America  
Asia 
Central Asia  
Eastern Asia  
Southern Asia  
South-Eastern Asia  
Western Asia  
Europe 
Eastern Europe  
Northern Europe  
Southern Europe   
Western Europe  
Oceania 
Australia and New Zealand  
Melanesia  
Micronesia  
Polynesia  
 
 Figure 5.1 shows the level of disaster resilience categorized in the five 
continents, by averaged scores. The key findings are as follows:  
 Oceania is the most resilient region. It scored the highest scores in the overall 
score, PINE, and sub-indices. Africa is the least resilient region and it has the 
lowest scores in every categories.  
 Europe is the second most resilient region. It has relatively high scores in every 
categories. 
 From the most resilient to the least resilient regions, the order is Oceania, 
Europe, Americas, Asia, and Africa. 
 
 
Figure 5.1 Disaster Resilience Scores by Continents 
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5.3. PINE disaster resilience vs external factors  
5.3.1. PINE vs disaster death, damage, and number  
This section employs three types of statistical information from EM-DAT: (1) 
Number of death caused by disasters, (2) Estimated Damage caused by disasters, and 
(3) Number of Disasters. The statistics shown in Table 5.10 is the summation of the 10-
year average information (2004-2014) of each countries in the four categories according 
to PINE scores: 1) very low resilience, 2) low resilience, 3) medium resilience, and 4) high 
resilience. In the section 4.7.2, the negative correlation that a disaster resilient country 
is more likely to experience a lower number of death caused by disasters, a lower level 
of damage caused by disasters, and a lower number of disasters has been proved. This 
section gives more details to reaffirm that correlation and the validity of the index. 
 
PINE (-1.49) to (-0.38) (-0.37) to 0.07 0.08 to 0.71 0.73 to 1.69 
Disaster Resilience 
level 
Group 1 
Very Low 
Group 2 
Low 
Group 3 
Medium 
Group 4 
High 
 
Table 5.10 Relation between disaster resilience and EM-DAT statistics 
Categorization 
Averaged damage 
(% of GDP) 
Averaged  
number of death 
Averaged  
number of disasters 
Group 1 
Very Low 
0.212% 2,104 3.66 
Group 2 
Low 
0.149% 839 3.33 
Group 3 
Medium 
0.161% 608 3 
Group 4 
High 
0.082% 128 2.2 
 
The key findings are as follows: 
 The relationship between the level of disaster resilience and number of death is 
rather strong. Group 4, which has the highest resilience, experiences the lowest 
level of the death caused by disaster, unlike group 1 where the number of death 
is about ten times higher.  
 In terms of estimated damage, the relationship is as predicted that Group 4 
experiences the lowest level of estimated damage. Though Group 2 and Group 
3 do not imply significant difference in terms of estimated damage, Group 2 
having higher resilience experiences a significant lower number of death. 
 In terms of the number of disasters, it can also imply that the group of high 
disaster resilience experiences lower number of disasters. Despite the fact that 
Group 1 and Group 2 have the similar numbers of disasters, Group 1 having 
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higher resilience has significantly lower level of estimated damage and the 
number of death.  
 
5.3.2. PINE vs hazard exposure 
This section aims to map the world with a different lens, by investigating the 
relationship between disaster resilience and hazard exposure17, utilizing information 
from World Risk Index (WRI). Figure 5.2 shows a scatter chart of resilience vs hazard 
exposure. The areas on the map help group countries into eight groups. Countries that 
fall into the green zones are considered to have low disaster risk, especially the left 
corner where there is high resilience and low hazard exposure. Contrast to the green 
zone, the red zone is considered highly sensitive to disaster risk.       
 
                                                   
17 WRI calculates hazard exposure by including the number of people in a country who are (1) exposed to natural 
hazards: earthquake, cyclones, and/or flooding and (2) threatened by drought and/or sea level rise. 
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Figure 5.2 Resilience (PINE score) VS hazard exposure 
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Table 5.11 Identifying the ‘dangerous’ zones in relation to hazard exposure 
Low Exposure 
High Resilience 
Cyprus, Estonia, Iceland, 
Israel, Malta, Singapore, 
Sweden, UAE 
Medium Exposure 
High Resilience 
Australia, Austria, Belgium,  Bulgaria, 
Canada, Croatia, Czech Republic, Denmark, 
Finland, France, Germany, Ireland, Italy, 
Korea, Latvia, Lithuania, Luxembourg, New 
Zealand, Norway, Poland, Portugal, Russia, 
Slovakia, Slovenia, Spain, Switzerland, UK, 
USA 
High Exposure 
High Resilience 
Chile, Costa Rica, Greece, 
Hungary, Japan, Netherlands 
 
Low Exposure 
 Medium Resilience 
Barbados, Mongolia, 
Paraguay, Qatar, Saudi 
Arabia, Ukraine 
Medium Exposure 
Medium Resilience 
Argentina, Armenia, Azerbaijan, Bolivia, 
Botswana, Brazil, China, Colombia, Ghana, 
India, Iran, Jordan, Kazakhstan, Kuwait, 
Malaysia, Mexico, Namibia, Peru, South 
Africa, Sri Lanka, Tajikistan, Thailand, 
Tunisia, Turkey, Uruguay, Venezuela, Zambia 
High Exposure 
Medium Resilience 
Dominican Rep., El Salvador, 
Guatemala, Jamaica, 
Kyrgyzstan, Mauritius 
Nicaragua, Philippines, 
Romania, Serbia, Guyana, 
Trinidad, Vietnam 
 Medium Exposure 
Low Resilience 
Bhutan, Burkina Faso, Burundi, Chad, Cote 
d’Ivoire, Ethiopia, Guinea, Kenya, Lao PDR, 
Malawi, Mali, Mauritania, Morocco, 
Mozambique, Myanmar, Nepal, Nigeria, 
Pakistan, Rwanda, Tanzania, Uganda, Yemen 
High Exposure 
Low Resilience 
Algeria, Bangladesh, Cambodia, 
Cameroon, Honduras, Indonesia, 
Madagascar, Senegal 
  
The key findings are as follows: 
 This analysis shows that there are eight countries that have high exposure and 
low resilience: Algeria, Bangladesh, Cambodia, Cameroon, Honduras, 
Indonesia, Madagascar, and Senegal. These are countries that in need for 
resilience enhancement. On the contrary, Cyprus, Estonia, Iceland, Israel, 
Malta, Singapore, Sweden, and UAE are among the most resilient with low 
hazard exposure. These countries are considered the ‘safest’ places in terms 
disasters.  
 This analysis helps international organizations identify where the focus of aids 
and assistance should be. 
 
5.4 GIS-based spatial analysis 
The key purpose of this section is to demonstrate the spatial dimensions of 
global disaster resilience. To attain this goal, a Geographical Information System (GIS) 
was utilized to show the spatial patterns of national disaster resilience. The evaluation 
comes in a visual presentation (in Figure 5.3.) of the analysis provided in the section 5.2. 
Yet, it has taken the results further in that country’s scores are mapped. Since the 123 
countries are mapped, it is visible for us to capture the patterns of resilience across 
continents, and the world. 
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PINE (-1.49) to (-0.38) (-0.37) to 0.07 0.08 to 0.71 0.73 to 1.69 No data available 
Figure 5.3 GIS-based spatial analysis
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5.5. Disaster resilience enhancement  
 In terms of enhancing national disaster resilience, the resiliency is often 
generated from a sum of a number of actions. The national disaster resiliency is the 
product of multiple efforts and inputs from (1) the multi-level task (from individual, 
community, prefecture, region, and up to an international level (Council of Australian 
Governments, 2011), (2) the systematic and multiplied sector efforts (Rockefeller 
Foundation, 2014), and (3) “smart” coordination of both soft and hard resilience policies, 
plans, and strategies (Kenneth et al., 2010). In other words, the multiplex nature of 
national disaster resilience requires the integration of strategies into a variety of 
existing activities and institutions. Resilience must be a building block of the plans and 
operations of existing institutions and systems. Resilience is not simply the result of 
adding up resilient individuals. It also involves both “soft” strategies which optimize 
disaster preparedness and response, and “hard” strategies which mitigate natural and 
human-caused hazards, thereby reducing disaster losses. Both “soft” and “hard” 
strategies are undertaken during disaster recovery. Kenneth et al. (2010) argue that in 
many countries “soft” and “hard” resilience approaches coexist as uncoordinated 
activities, but disaster outcomes are better when “soft” and “hard” strategies are 
purposely coordinated. Thus, “smart” resilience involves coordination of both “soft” and 
“hard” resilience strategies. 
 
 To help increase the level of disaster resilience, the PINE structure for national 
disaster resilience measurement can be a helpful instrument for international 
organizations to identify countries in need for assistance. The international 
organizations can make decision regarding the allocation of resources and fund for 
disaster risk reduction based on the PINE scores. When compared with other factors e.g. 
hazard exposure in Section 5.3.2., PINE is evidently useful for that purpose and 
increases potency to its analysis. 
 
Additionally, for a national analysis, PINE can be further elaborated to help 
countries improve their levels of resiliency. To the simplest end, the detailed PINE scores 
shown in Table 5.12 give some implications in term of policy interventions. For example, 
Argentina is in the group of medium disaster resilience. Judging from the scores, 
Argentina should focus on the improving enabling environment especially on the legal 
aspects. The country should also focus on strengthening the ecosystem, and improving 
workforce and employment as the scores in these categories are among the lowest.  
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To a more elaborated end, PINE can be developed further to give guidelines for 
national disaster resiliency. Due to the fact that there are limited number of literature 
discussing national disaster resilience and its operationalization, this research had no 
alternative but to look at the sub-national level and studied four resilience-in-application 
articles from UNISDR (2012), Council of Australian Governments (2011), and Stockholm 
Resilience Centre (a), and Rockefeller Foundation (2014), with the hope to find a way to 
enhance disaster resilience. This research has found that the PINE structure can be 
further developed by interplaying with the seven identified qualities of a resilient 
country. It can be translated into drivers or essentials bullet-points according to the 
PINE domains and some of the resilience qualities can be highlight alongside the bullet-
points. Though those qualities are supposed to reflect to the whole system, when it comes 
to each category there are some core qualities that can be embraced.  
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Table 5.12 Examples of the detailed PINE scores. 
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Argentina 0.084 0.362 0.091 0.362 -0.408 0.459 0.603 0.314 -0.069 86.800 24.720 -0.415 -0.156 -0.098 -0.992 
Australia 1.311 1.231 0.988 0.663 0.675 1.148 1.176 1.121 1.926 99.440 71.030 0.939 -0.561 1.479 1.899 
Austria 1.153 1.306 0.713 0.886 0.886 0.797 1.050 0.544 1.679 92.150 69.110 0.828 -0.668 1.428 1.724 
Bangladesh -0.718 -0.900 -0.959 -0.606 -0.543 -0.142 -0.851 0.568 -1.523 30.420 22.400 -0.306 0.670 -0.757 -0.831 
Bolivia -0.273 -0.067 -0.409 -0.878 -0.185 -0.714 -0.278 -1.150 -0.012 53.950 48.170 -0.299 0.481 -0.409 -0.969 
Botswana -0.369 -0.600 -0.386 -0.270 -0.416 -1.165 -0.289 -2.041 -0.187 62.040 37.980 0.475 0.142 0.646 0.638 
Brazil -0.163 -0.242 -0.497 0.150 0.078 -0.405 0.446 -1.257 0.139 72.220 40.130 -0.142 -0.314 -0.034 -0.077 
Bulgaria 0.491 0.532 0.282 0.333 -0.496 0.597 0.666 0.527 0.809 86.570 48.970 0.027 -0.226 0.057 0.248 
Canada 0.932 1.482 1.355 0.548 0.875 -0.045 1.046 -1.136 1.364 97.920 56.610 0.926 -0.630 1.546 1.862 
Chile 0.602 0.437 0.250 0.306 0.194 0.149 0.647 -0.349 1.169 89.420 56.940 0.653 -0.551 1.044 1.465 
China -0.005 0.029 0.069 0.010 0.516 0.564 0.174 0.954 -0.467 42.730 43.190 -0.147 0.360 -0.500 -0.300 
Colombia -0.030 0.044 -0.169 -0.116 -0.229 0.080 0.219 -0.058 0.005 66.010 40.620 -0.250 -0.402 -0.430 0.081 
Costa Rica 0.513 0.244 0.382 0.445 0.378 1.063 0.605 1.521 0.477 82.620 42.470 0.270 -0.433 0.722 0.520 
Czech Republic 0.972 0.984 0.452 0.310 0.210 0.600 0.847 0.354 1.870 90.630 75.350 0.436 -0.607 0.834 1.080 
Denmark 1.113 1.443 0.891 0.943 0.932 0.433 1.327 -0.461 1.594 97.610 63.120 0.984 -0.592 1.640 1.905 
Dominican Rep. -0.032 -0.413 -0.732 -0.223 -0.401 0.210 -0.036 0.455 0.155 69.120 42.650 -0.081 0.190 -0.222 -0.209 
Finland 1.401 1.755 1.601 0.844 1.250 1.327 1.191 1.464 1.521 99.440 59.900 1.000 -0.774 1.762 2.012 
France 0.904 1.224 0.776 0.744 0.520 0.546 1.098 -0.006 1.237 96.480 54.090 0.609 -0.512 1.063 1.276 
Germany 0.866 1.073 0.888 0.877 1.149 -0.303 1.108 -1.715 1.809 92.830 72.230 0.886 -0.605 1.488 1.774 
 Very Low Low Medium High 
PINE     
People     
Infrastructure     
Nature     
Enabling Environment     
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5.6. Usage and users of the PINE scores 
 The main users of the PINE national disaster resilience can be divided into two 
levels: international and national levels. For the international level, key users include 
international organizations (e.g. UN, WFP, ASEAN, APEC, WHO) as well as donors, 
countries and other actors including development partners with a resilience agenda. For 
the national level, national policy formulators and emergency managers are among the 
key users at this level. Thus, it depends on each user to customize how PINE can be of 
their usage. The following are suggestions: 
 The global result of PINE can be utilized to prioritize or group countries by the 
levels of their national disaster resilience, or any of its domains. This can 
facilitate decision-making process on benefit distribution.  
 The whole set of the PINE results for each particular country are considered 
country profile, which shows the level of individual elements of national disaster 
resilience. This can aid decision-making process on which focal areas to pay 
attention in terms of policy intervention to improve and better national disaster 
resilience.  
 The singular overall PINE results facilitate users to study trend analysis on the 
level of overall national disaster resilience and its components. Monitoring 
trends over time in that fashion can facilitate decision-making process on 
adjustments and allocation of national limited resources, intervention, and 
distribution in term of policy attentions. 
 
In summary, the measurement that this research proposes is designed to 
convey answers to the following questions: 
 How disaster resilient a country is or what countries are of need in term of 
help and intervention? 
 What countries are likely to suffer from the disasters? 
 What can be the underlying elements that a country should address in order 
to improve its disaster resilience? 
 How does a country’s disaster resilience change over time? 
 
However, when utilizing composite indicators, literature suggests that 
measurement and its results should be used with care and cautions because they can be 
‘misleading’ (Freudenberg, 2003; Nardo et al., 2005). Indicators could send misleading, 
non-robust implication and hidden message in terms of policy formulation they are not 
well drafted and wrongly interpreted and implied. Also, the end result often deal with a 
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singular number or “big picture” results, where indicators or an index may mislead users 
to jump to the narrow or simplistic implications or conclusions. Therefore, an index 
should be used in parallel with its detailed elements or indicators to be able to reach 
sophisticated interpretations for policy implication and interventions. In this research, 
content and construct validations in the form of correlation analysis, and framework for 
indicator selection can reduce some of those negative effects.  
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CHAPTER 6 DISCUSSIONS, CONCLUSIONS,  
AND RECOMMENDATIONS 
 
6.1. Introduction 
The value that this research has added to the reservoir of knowledge is the 
operationalization of the concept of disaster resilience particularly at the global and 
national levels, by constructing a model for national disaster resilience analysis that is 
theoretically sound, reality-reflective, consistent with international expectation, and 
empirically validated. To fulfil the task, several steps were taken to develop this 
evaluation. This chapter discusses the steps according to research goals outlined in the 
introductory chapter and conclude the key findings of the research. This Chapter further 
sum up conclusions, outline discussion points, and give some recommendations for future 
research. Consequently, limitations of the research is also examined, as well as the 
research’s contributions and practicality.      
 
6.2. Discussions 
This research’s objectives explained in the first chapter can be summarized into 
five discussion points according to the steps in developing the framework for national 
disaster resilience and the PINE structure of national disaster resilience measurment; 
(1) revisiting disaster resilience definitions, (2) constructing an analytical framework for 
national disaster resilience, (3) developing an approach for national disaster resilience 
measurement (PINE structure), (4) aggregating and validating the index, and (5) 
assessing global disaster resilience.  
 
6.2.1. Revisiting disaster resilience definitions 
This was the first step to embark the journey. It included exploration of 
resilience on its theories, definitions, utilizations, applications, and interpretations. The 
key objective of the task was to build the theoretical foundation for constructing a 
framework that has an ability to understand and quantify disaster resilience. The key 
observed points are as follows: 
 Despite the fact that disaster resilience as a concept has increasingly been 
utilized, the definition of disaster resilience is very inconsistent. There are a 
large number of disaster resilience definitions in the literature.  
 Due to the complex and multidisciplinary nature of the concept, it appears that 
there is no consensus on how disaster resilience should be defined. Some 
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scholars have pointed that it is not practical or not even possible to do so 
(MacAskill and Guthrie, 2014).   
 Despite the absence of universally accepted definition, there is a significant 
amount of similarities among those definitions of which this research took 
advantage to build the foundation upon. 
 Therefore, the working definition of disaster resilience was developed as a basis 
to further identify the elements of disaster resilience and establish an approach 
to evaluate it.  
 The working definition of disaster resilience was formed based on the system 
theory, DROP model, and 3D resilience. This definition sees resilience as a 
process and that resilience and vulnerability are separate but often linked 
concepts. 
 However, it would bring great advantages if a common definition of disaster 
resilience is formed. This could help advance the comprehension and utilization 
of the concept, as well as significantly facilitate consensus on resilience 
evaluation and operationalization.   
 
6.2.2. Constructing an analytical framework for national disaster resilience 
Shifted from the resilience definitions discussed in Chapter 2, the focus of 
Chapter 3 was on an investigation of various theoretical frameworks and analytical 
models of disaster resilience that can be utilized to serve the purposes of this research. 
In fact, it was expanded to include the related concept of vulnerability because there are 
some linkages between the two concepts. In total, four frameworks of disaster and two 
framework of vulnerability were studies, including (1) Resilience as the system of 
systems: Panarchy, (2) R4 Framework and TOSE domain, (3) Disaster Resilience of Place 
(DROP), (4) 3D Resilience Framework, (5) Pressure and Release Model (Vulnerability 
Progression), and (6) Framework of vulnerability Analysis.  
 
Emerging from the investigation of these frameworks was the principle that it 
was comprehensive and critical to measure national disaster resilience as a static 
property, despite its dynamic nature, and focus on the antecedent condition of a country 
where the three resilience capacities reside. Measuring disaster resilience by capacities 
are an ideal but it proved impractical in ways that (1) most of the indicators contribute 
to generate each or all capacities, and (2) there is no criteria to clearly assign indicators 
to particular capacities. Therefore, an important result of this analysis was to measure 
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disaster resilience by systems within the system; yet, the following bullet points are the 
findings regarding identification of systems of the system.  
 There is no limit on the number of systems or subsystems that a resilient system 
should have, because of its panarchic characteristic. 
 Systems within a system can be classified by various criteria, e.g. sectors, 
institutions, capitals, assets, etc. 
 A resilient system has distinct qualities or characteristics that separate it from 
a prosperous system. 
 
The understanding that a domain-centric approach to national disaster 
resilience provides a logic and basis for considering and selecting indicators addressing 
depth and width of disaster resilience based on the three resilience capacities. Thus the 
final working definition of disaster resilience was formed based on the theories (1) 3D 
resilience framework where it includes an ability of bouncing back from, withstanding 
and coping with, adjusting to the impact of, and recovering from the effects of 
disturbances or shocks in a timely and effective manner through shock anticipation, 
absorption, adaptation, transformation, (2) system theory where it implies maintenance 
and restoration of essential functions in the time of disturbances, as well as resilience as 
the product of the country’s systems, and (3) DROP framework where it emphasizes on 
the ability that is inherent within a country. All in all, the working definition of disaster 
still sees resilience as a dynamic property but suggests a measurement be made as static 
property. It also broadens the DROP model where it focuses on the social-built-natural 
systems’ interactions to focus on multiple and complex systems.  
 
The PINE structure for national disaster resilience measurement was created 
in this research based on an argument that disaster resilience is the product of resilience 
capacities in the four domains of systems: People, Infrastructure, Nature, and Enabling 
Environment. It is also grounded on the rationale that each domains have elements that 
play a role in contributing to the resilience. 
 
6.2.3. Developing an approach for national disaster resilience measurement 
Conceptually, an essential point in developing the PINE framework for national 
disaster resilience was to identify and choose relevant indicators to include in the index. 
In this research, disaster resilience is quantified by using composite indicators method. 
In Chapter 4, the PINE structure was further interpreted into a framework for indicator 
selection where a cross-classifying method was utilized. The framework for indicator 
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selection helped create the initial starting point for index development. After this, 
ongoing efforts in measuring disaster resilience were studied. At the national level, none 
of the 6 frameworks truly discusses disaster resilience, except World Economic Forum’s 
Country Resilience Rating where its preliminary list of indicators discusses heavily on 
economic aspects. The study then extended to include another 10 ongoing efforts at sub-
national level. At this level, there are a number of framework that discusses disaster 
resilience. Some elements of resilience were harvested to include in the PINE framework. 
This method appeared to be theoretically justified and practical in the sense that each 
indicators were specifically evaluated and chosen for each cell. It thus yielded the 
selection of theoretically relevant indicators and ensured content validity of the chosen 
indicators. 
 
To make the PINE structure reflective to the reality, an investigation of disaster 
events was introduced. This research studied 99 cases of disaster-related event and 
project from various sources in order to extract resilience elements and other useful 
ingredients for the PINE framework. Paralleled to this, a review of Hyogo Framework 
for Action and the Post-2015 Framework for disaster risk reduction (or Sendai 
framework) was carried out with the hope to make the PINE framework consistent with 
the most up-to-date expectation in terms of disaster resilience from international 
organizations. Last, selected indicators were checked with data availability. It was 
unfortunate that one of the main hindrances of this research is data availability. 
 
Based on this procedure more than 100 indicators were identified. After being 
evaluated by data availability, 66 indicators met the selection criteria and were classified 
according to domains and categories: People domain (30 indicators), Infrastructure 
domain (16 indicators and 1 high-level indicator), Nature domain (1 indicator and 1 high-
level indicator), and Enabling environment domain (11 indicators, and 6 high-level 
indicators). The high-level indicators are composite indicators that have a number of 
underlying indicators ranges from 10 to 75 indicators.   
 
6.2.4. Aggregating and validating the index 
 On the technical aspects of the research, the selected indicators came in 
different scales from various sources. Before combining the index, scale adjustment was 
performed. The data was then normalized by using Z-score approach. The crucial part 
was to decide the weighting scheme. There were two schemes: an average method (AM) 
and a weight method (WM) according to the number of underlying indicators. The results 
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from these two methods were similar but not identical. The results of the two methods 
were compared by using correlation analysis. The results showed that the average 
method has stronger correlations and thus was chosen to use throughout the research. 
  
 For the validation, the logic for this was to study whether the PINE national 
disaster resilience measurement is theoretically and empirically valid. In general, 
national disaster resilience is of multifaceted scales that can cover many variables and 
indicators. Therefore, identifying appropriate variables for statistical validation was a 
challenge.  
 
 This research employed two types of validation: content and construct. The 
content validation can be proved through the indicator selection process, which was done 
based on the framework for indicator selection. In fact, indicator selection is a subjective 
procedure involving personal considerations. The framework for indicator selection 
created an instrument where only ‘hit to the point’ indicators were chosen, and restricted 
the imagination of the author to the correct track, resulting in the reduced level of 
subjectivity. Also, choosing indicators based on the framework insured that the various 
dimensions of national disaster resilience were incorporated and thus high content 
validity and high consistency with the working definition.  
 
 The construct validity examines whether the measurement is statistically 
related to external variables in the close theoretical framework. This exercise in Chapter 
4 aimed at validating the PINE national disaster resilience by examining how well it 
correlates with the external variables in the close theoretical framework. Based on 
literature, this research employed nine external variables in six topics: (1) Disaster risk, 
(2) Vulnerability, (3) Lack of coping capacity, (4) Lack of adaptive capacity, (5) Number 
of Death caused by disasters, and  (6) Estimated damage caused by the disasters. The 
expectation of all the six topics in relation to disaster resilience was negative correlations. 
The results revealed as expected; yet, differed in strength of the correlations. 
 
6.2.5. Assessing global disaster resilience  
 Chapter 5 took the framework further into application. The aim was to identify, 
analyse, and map spatial patterns of global disaster resilience. The logic for this exercise 
was to additionally evaluate the validity and practicality of the PINE structure by 
examining the spatial distribution analysis.  
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6.3. Distinctive features of the framework vs the conventional frameworks 
 The problem statements points to the need to develop disaster resilience 
framework that can be applied at the national level because of the following reasons:  
(1) No consensus exists currently on how to measure resilience. Without a conceptual 
framework where indicators can both be defined and assessed, resilience will never be 
meaningful and useful for policies intervention and national development strategies.  
(2) To date, there has been no framework that directly discusses resilience at national 
level. The national disaster resilience framework and PINE structure were developed as 
to fill such voids. With the following features, the framework for national disaster 
resilience is distinctive to the conventional frameworks. 
1. Unlike the conventional frameworks, PINE directly discusses national 
resilience. Employing the 3D resilience framework, PINE sees resilience as 
product of the three resilience capacities: absorptive coping, adaptive, and 
transformative. Its measuring mechanism adequately discusses them all. Most 
of the conventional frameworks place an emphasis on risk where resilience 
element is reduced to just coping capacity and/or adaptive capacity. 
2. PINE is a balanced framework because it is theoretically sound and reality-
reflective. This is proved by the methodology of developing the PINE and the 
validation of the PINE index. 
3. Ultimately, PINE serves two key purposes: (1) to map the global disaster 
resilience, (2) to track the level of resilience, and (3) to make useful of the 
resilience concept for policies intervention and development.  
4. PINE identifies characteristics and qualities of a resilient country, with the 
hope to distinguish it from a prosperous country. The quality element of the 
framework might not be useful for the measurement purposes, but it adds 
comprehensiveness to the framework which can be further developed for a 
better interpretations in terms of policy intervention.  
 
6.4. Conclusions 
The conclusions of the key findings of this research are summarized as follows: 
1. Based on what this research have been gathered, it is fairly convinced that the 
overall objectives set for this research have been met. The major output was the 
establishment of national disaster resilience framework and its measurement 
structure (PINE) for evaluating and quantifying national disaster resilience 
that is valid, theoretically driven, reality reflective, and operational. The 
findings of this research gave empirical evidence that PINE framework has an 
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ability to enhance understanding and operationalization of the concept of 
disaster resilience. 
2. The methodology of developing the PINE structure used in this research was 
theoretically reasonable and empirically practical. Its salient point is the 
incorporation of the three resilience capacities and resilience as a system of 
systems, as well as using ‘inherent resilience’ as the starting point. 
3. In the field of disaster risk management, there is an urgent need for an 
instrument that can successfully assess disaster resilience and it should be 
functional and valid. The PINE framework is developed based on those premises. 
The framework was examined and validated using a mixture of statistical 
approaches. Considering the findings observed from this research, it is 
convinced that the PINE framework is functional and valid in both theoretical 
and empirical terms. It is also potentially promising especially for policymakers 
and emergency managers because it provides useful information that can be 
utilized to help formulate development policies. However, additional research 
should be considered.  
 
6.5. Limitations and recommendations for future research 
For the limitations faced while conducting this research, the following points 
exemplify some of the limitations and some recommendations for future research in 
response to those limitations. 
1. This research made an effort in evaluating a highly multiplex concept of 
disaster resilience at a broad scale by using a country as the focal unit with the 
hope to spatially map the global disaster resilience, and efficiently keep track 
of resilience level. For national policymakers or emergency mangers, this 
framework might not adequately meet their needs. A smaller-scaled framework, 
preferably at the smallest governmental unit e.g. municipality or village, would 
probably generate a more contextual result. For future research, an adaptation 
of the PINE structure to be able to function at smaller scales would be highly 
useful. With that result, national policymakers will know on which area to place 
an emphasis.    
2. Data availability was the key challenge throughout this research. Unlike, other 
fields, sociology is the concept that is challenging to capture in term of statistics. 
This research depended to a great extent on secondary data from reliable sources 
e.g. World Bank, UN, and World Economic Forum. Yet, those data, despite its 
large numbers, are restricted to the information that has statistic records e.g. 
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Gross Domestic Products, Child mortality, Employment rate. This limitation was 
also echoed in the Sendai framework where the UN has commissioned 
international organizations to develop a number of indicators necessary for the 
resilience measurement purpose. The research did an investigation on the 
concept of resilience and it suggests that there is the need for a collection of more 
specific data. The following issues exemplify some of them:  
 Disaster recovery time 
 Efficiency of urban planning policy 
 Disaster-related household insurance 
 Level of disaster awareness 
 Social network: mutual support, social trust 
 Disaster early warning system 
 Construction and maintenance of disaster mitigation structures 
 Lifeline infrastructure in time of emergency 
 Availability of evacuation areas in time of emergency 
 Contingency plan 
 Emergency response plan   
Additionally, this research utilized a number of indicators collected through a 
perception survey e.g. quality of education system, corruption perception. These 
information is very informative to this research but information based on 
perception often implies the high level of subjectivity. Hence, future research 
should emphasize on developing a reliable methodology of collecting data and 
on developing indicators or statistics of the mentioned issues. 
3. Disaster event statistics are of significance. The validation of such disaster 
resilience measurement is challenging especially when it needs to correlate with 
empirical information. This research employed information from EM-DAT, the 
most reliable source to date. Yet, it reveals the information from EM-DAT is 
problematic. Some of the problems come from the fact that it is difficult to keep 
track of the information on hazard events that occur almost on a daily basis and 
around the world. By EM-DAT database, the loss of life of common dangers 
amid 1900-1999 is under 0.2% because of volcanic emissions, avalanches and 
fierce blazes. Then again, the fast onset hazard with a more restricted 
geographic content hardly fall into the criteria of the EM-DAT database. 
Starting from the perspective, the vicinity in the database is inadequate and 
the total loss of life is higher, as one occasion once in a while causes 
philanthropic emergencies. This confinement is echoed in the UN. The new type 
108 
 
of disaster data collection has recently been discharged and requested that its 
members to monitor its own particular disaster events. Also, EM-DAT does not 
have any data on the recovery time which is one of the noteworthy components 
deciding national disaster resilience. 
4. There is a restrictions on the understanding regarding systems or domains used 
to evaluate disaster resilience. Some even maintain a strategic distance from 
utilizing system theory and pick to utilize other frameworks. Yet, both face the 
same issue on the most proficient method to characterize domain and category 
which indicator fits better in which classification. This research is not an 
exemption. There is an overlap between domains and category within each 
domain. For instance, it is pugnacious whether livelihood sub-points fits more 
in the economics sub-subjects or in the general population area, whether 
empowering environment space is incorporated as a sub-theme in the 
framework space, and whether it is important to include a monetary space.     
5. Due to the influence of the DROP model over the PINE structure, the disaster 
resilience measurement created in this research will be a ‘snapshot’ in time with 
limited capability to foresee what's to come regarding national disaster 
resilience. The snapshot also captures a static status, instead of it element 
property. Despite the fact that the framework facilitates trend analysis, future 
research might improve the framework by including those spatial and temporal 
measurements for national disaster resilience. Whether succeed, the model will 
help policymakers choose proper intervention in the face of hazards before it is 
too much to handle. 
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ANNEX 4-1 
 
ANNEX 4 
Score comparison: Average Method VS Weight Method 
 
1. PINE score 2014 : Top 25, a comparison between average and weight methods 
 
Rank PINE score (Average Method)  PINE score (Weight Method) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Switzerland 
Finland 
Norway 
Australia 
Netherlands 
Sweden 
Luxembourg 
New Zealand 
Japan 
Austria 
Singapore 
Denmark 
United Kingdom 
Ireland 
Iceland 
Czech Republic 
Estonia 
Slovenia 
Canada 
France 
Belgium 
Portugal 
Korea (Republic) 
Germany 
United States of America 
1.61 
1.51 
1.41 
1.39 
1.33 
1.31 
1.25 
1.25 
1.24 
1.23 
1.18 
1.17 
1.12 
1.09 
1.08 
1.02 
1.01 
1.01 
0.98 
0.95 
0.94 
0.93 
0.92 
0.90 
0.85 
 Switzerland 
Finland 
Australia 
Norway 
Netherlands 
Sweden 
Luxembourg 
New Zealand 
Singapore 
Japan 
Austria 
Denmark 
United Kingdom 
Ireland 
Iceland 
Estonia 
Canada 
Portugal 
Belgium 
Korea (Republic) 
Czech Republic 
France 
Germany 
Malta 
Slovenia 
1.26 
1.18 
1.10 
1.10 
1.05 
1.03 
1.02 
1.02 
0.96 
0.94 
0.94 
0.90 
0.88 
0.84 
0.84 
0.74 
0.72 
0.71 
0.71 
0.71 
0.68 
0.67 
0.67 
0.64 
0.64 
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2. PINE score 2014 : Bottom 25, a comparison between average and weight methods 
 
Rank PINE score (Average Method)  PINE score (Weight Method) 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
Côte d'Ivoire 
Central African  
Nepal 
Ethiopia 
Angola 
Togo 
Tanzania 
Liberia 
Libya 
Madagascar 
Nigeria 
Myanmar 
Guinea 
Sierra Leone 
Djibouti 
Eritrea 
Sudan 
Haiti 
Congo DR 
Burundi 
Afghanistan 
Mali 
Mauritania 
Yemen 
Chad 
-0.86 
-0.88 
-0.90 
-0.92 
-0.93 
-0.95 
-0.95 
-0.96 
-0.97 
-0.99 
-1.01 
-1.03 
-1.05 
-1.07 
-1.13 
-1.16 
-1.16 
-1.18 
-1.20 
-1.20 
-1.22 
-1.25 
-1.28 
-1.37 
-1.40 
 
Syria 
Iraq 
Tanzania 
Guinea 
Togo 
Madagascar 
Sierra Leone 
Mauritania 
Angola 
Nigeria 
Guinea-Bissau 
Burundi 
Libya 
Equatorial Guinea 
Mali 
Myanmar 
Djibouti 
Haiti 
Yemen 
Central African  
Chad 
Eritrea 
Sudan 
Afghanistan 
Congo DR 
-0.64 
-0.64 
-0.66 
-0.66 
-0.66 
-0.68 
-0.68 
-0.68 
-0.69 
-0.69 
-0.70 
-0.71 
-0.72 
-0.72 
-0.72 
-0.74 
-0.80 
-0.80 
-0.87 
-0.88 
-0.89 
-0.92 
-0.93 
-0.93 
-0.95 
 
